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statements of the production and value of the mineral products of
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THE MICHIGAN COPPER INDUSTRY IN 1916.

WALTER E. HOPPER.







MICHIGAN COPPER INDUSTRY IN 1916.
GENERAL REVIEW.

Michigan copper mines made a record production for the district
during 1916. According to the U. 8. Geological Survey, the total
production of copper in Michigan in 1916 was 273,692,625 pounds,
valued at $67,328,361, and that of silver was 716,640 fine ounces,
valued at $471,549, a combined value of $67,799,910. This is an in-
crease of $21,078,251, or 45 per cent, over the value of the output in
1915.

The average price of copper per pound for 1916 was $0.246, com-
pared with $0.175 in 1915. Theé average price of silver for 1916
was $0.658 per fine ounce; for 1915 it was $0.507. The average value
per ton of ore treated was $5.34, compared with $3.76 in 1915.

The smelter production, or the output of refined copper, in 1916 -

was 269,794,531 pounds, which represents an increase of 30,838,121
pounds over the smelter production for 1915.

In 1916 the amount of ore milled was 12,364,114 short tons, which
yielded 420,551,291 pounds of concentrates and 268,279,876 pounds
of copper. In 1915 the amount milled was 12,334,700 short tons,
which yielded 400,178,132 pounds of concentrate and 265,283,378
pounds of copper. The average recovery of refined copper per ton

- of ore milled in 1916 was 21.7 pounds, compared with 21.5 pounds in
1915.

The year 1916 was one of unusual profits for the Michigan copper
companies. A total of $28,840,348.59 was paid in dividends by 15
companies. This amount compares with $15,189,653 paid by 10 com-
panies in 1915. Practically all the producing mines made an in-
creased production, and with the high price received for copper sold,
incomes from mining operations were exceptionally large. A num-
ber of the developing companies were able to increase operations,
and two or three of the companies paid off all debts and ended the
year with a balance of assets.

Production was forced to the maximum, and 1916 shows the larg-
est production in the history of the district. . Severe winter storms
in the early part of the year, and consequent transportation trouble,
affected the year’s production, especially at the Ahmeek, Allouez,
Centennial, LaSalle, Osceola, Mohawk and ;Wolverine. The princi-
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pal f.ictor Whlch affected adversely the year’s productiomr at all
mines %—as the general scarcity of labor throughout the district.

.‘ "‘Ms COI]dlthn was somewhat improved during the latter part of the
.. Year.

Wages during 1916 were the highest in the history of the dis-
district. At the Calumet & Hecla and subsidiary companies the 10
per cent premium for the first six months of the vear, announced on
December 31, 1915, was continued throughout 1916, together with
an additional payment of 25 cents per day for each day worked from
July 1 to December 31, if the person was in the employ of the com-
pany on the latter date. On December 13 notices were posted an-
nouncing that the 10 per cent premium would be continued until
July 1, 1917, and that from January 1 to July 1, 1917 a 50 cent bonus:
for each day worked would be paid employees on regular pay days.

At the Quincy wages were advanced seven and one-half per cent
March 1, making a total of 15 per cent above normal, and from July
1 an additional bonus of 25 cents per day was given the men. This.
bonus was advanced to 50 cents per day January 1, 1917. All the
companies found it necessary to increase wages from 10 to 20 per
cent, and at practically all mines a bonus of 50 cents a shift will be
paid beginning January 1, 1917.

Curtailed operations, due to shortage of labor and storms, the ad-
vanced cost in materials and supplies, and the increased wages in
a]l departments increased the costs over the year 1915. IExtraordi-
nary advance in ocean freight rates and marine and war risk insur-
ance during 1916 also increased the total cost considerably in a few
cases. _
The most important metallurgical development during the year
was the successful inauguration of the ammonia leaching process at
the Calumet & Hecla mill. This process was developed from the
bottle stage in the laboratory to the present 2,000 ton plant in four
vears’ time, entirely by C. & H. engineers. The present plant has
been a commercial and metallurgical success from the beginning.

In connection with the leaching of sands, experiments were con-
ducted by the Calumet & Hecla and by the Michigan College of
Mines on the flotation of copper in the slimes, with encouraging re-
sults. Minerals Separation machines of 50-ton capacity have been
installed at the Calumet & Hecla and White I’ine mills.

At the close of the year production was limited only by stamping
facilities. Every mill in the district except the Adventure was operat-

ing and almost all at full capacity.
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At the White I’ine Extension, a new company organized in the
summer of 1915, the shaft was sunk to a depth of 242 feet, and
drifts and crosscuts were driven to explore the copper-bearing None-
such beds. A 100-ton experimental mill will probably be built in the
summer of 1917.

Southwest of the ' White Pine Extension, the Porcupine Explora-
tion Company, organized early in the year, carried on a diamond
drill exploration along the extension of the Nonesuch formation to
the southwest. About 16 holes were drilled, and although some good
values were found, the company unfortunately did not consider the
showing sufficient to warrant the continuation of the exploration.

Onondaga continued diamond drilling until the summer of 1916,
when work was discontinued to await other developments in that
section of the district.

In May, 1915, the Algonac Mineral Development Company began
a diamond drill exploration of lands between the White Pine Ex-
tension and the Nonesuch. A total of 52 drill holes was put down to
explore the Nonesuch formation. The results of this work were very
satisfactory, and work was discontinued in July, 1916.

In June, 1916, the Cass Copper Company was organized by a group -
of Copper Country men and purchased 1,980 acres of land in the
vicinity of the old Norwich mine. The company holds under option
2,680 additional acres. Diamond drilling was started, and results
to date are sufﬁcientljf encouraging to warrant the continuation of
the exploration. '

.In the summer of 1916 Mr. R. F. Looney, of Houghton, issued a
report on the old Carp Lake mine and offered at private subscrip-
tion at $3.00 per share a limited number of pre-organization syndi-
cate shares. The property consists of 1,610 acres on Lake Superior
about 22 miles west of Ontonagon. The mine is one of the oldest in
the Michigan district, and former operations consisted of the ex-
ploration of a copper-bearing sandstone. During 1916 the mine was
unwatered and some exploration work done.

About the first of November work of pumping out the old Flint
Steel mine was started. One of the old shafts will be used to thor-
oughly explore the Butler lode. The property lies between the Mass
and the Michigan mines.

In the spring of the year the Tremont & Devon Mining Company
began preparations to clean out the old adits and pits on its prop-
erty, which adjoins the Victoria to the west. Diamond drill ex-
ploration was started to explore the Devon and Forest lodes.

About the middle of October it was reported that supplies were
being shipped into Ontonagon county, preparatory to undertaking
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exploration work at the old ;Waukulla property. A few weeks later
it was announced that W. J. Landon of Winona, Minnesota, owner
of the Waukulla property, was planning a thorough geological ex-
amination and exploration, based on explorations already conducted.
The Waukulla property consists of 480 -acres northeast of Lake
Gogebic in sections 19 and 20, 49-42, in Ontonagon county. Some
exploration was done in the latter seveutles

Another extensive exploration project in Ontonagon countw was
started the latter part of October, 1916. The E. J. Longyear Com-
pany began diamond drilling in the Iron River Silver district north
of the White Pine. The work was undertaken for E. F. Anderson
of Wausau, Wiscousin, and associates, who hold options on several
thousand acres of land in townships 51-41 and 51-42. These lands
were systematically drilled to determine whether the sandstone and
shale contain copper or silver in sufficient quantity to mine at a
profit. Through the courtesy of E. J. Longyear Company we are able
to print the following report on the results of these explorations.

i{ESULTS OF DRILLING IN THE NONESUCH FORMATION BETWEEN THE WHITE
PINE MINE AND LAKE SUPERIOR.

BY CLYDE S. LONGYEAR.
Introduction.

This summary covers the exploration work done by E. J. Long-
year Company during the winter of 1916-17 in Township 51, ranges
41 and 42, on the Nonesuch Formation between the White Pine
Mine and Lake Superior, about 15 miles west of Ontonagon, Mich-
igan. ’

Drilling was started in the middle of November, 1916, since when
17 holes have been drilled, varying in depth from 38 to 592 feet. All
these holes were vertical holes, and all were drilled in the None-
such Formation, with the exception of two which encountered the
red sandstone foot-wall.

The Nonesuch Formation.

The formations are relatively flat in this district, the dif) averaging
from 12 to 15° to the East. The Nonesuch Formation belongs to the
Upper Keweenawan series, and is overlain by the Freda sandstone, a
fine-grained, reddish sandstone. The upper 200 to 300 feet of the
Nonesuch consists of banded brown and grey shales, grading occa-
sionally into thin beds of brown or grey grit. Below this member is
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the upper grit, a coarse-grained grey grit, from 40 to 50 feet in thick-
ness. Underlying this upper grit is 50 to 200 feet of grey shales,
mostly very fine-grained. This is underlain by 15 to 30 feet of cal-
careous banded shale which is fairly-coarse and is almost a grit in
some places. This banded shale is very easily recognized and serves
as a “marker,” showing that the mineralized lodes are within 40 to 50
feet.

Below this “marker” is a grey grit known as the Lower Grit, about
20 feet thick, and very similar in appearance to the Upper Grit. .
The No. 1 shale lies immediately below this, from 5 to 14 feet thick.
The mineralization occurs within the bottom 5 or 6 feet of this
shale, and extends for a distance of one or two inches into the No. 1
sandstone, or first lode. This sandstone has averaged about three
and one-half feet, and has varied in thickness from 1 to 7 feet. - The
parting shale, immediately below, is from 2 to 11 feet thick, averag-
ing a little less than 8 feet. Below this is the No. 2 sandstone, or
second lode, about 3 to 4 feet in"thickness. This is underlain by
a red sandstone and conglomerate—the foot-wall. At the White
Pine Mine and the White Pine Extension, a third lode about 2 to
4 feet thick of grey sandstone and copper has been struck in some
of the holes at a depth of from 50 to 100 feet below the second lode.
Two attempts were made to strike this lode on these lands, but were
not successful.

Mineralization and Faulting.

The mineralization here is confined to the No. 1 shale, and the
No. 2, or parting, shale. This, in the main, is the case also at the
White Pine Extension Mine, but at the White Pine Mine the main
" values are found in the No. 1 and No. 2 sandstone. Calcocite was
found in these two sandstones in some of the holes drilled here, but
no native copper. Some of the holes encountered native silver, but
in small quantities. Silver occurred in small amounts in the upper
portions of the Nonesuch in the brown shale. The copper for the
most part has been fine-grained, appearing between bedding planes
of the black shale, and following the small cracks and fissures across
the bedding. In some places the copper is in thin flakes from 14
to 14 of an inch across the face. The highest values, however, have
come from the finely disseminated copper, rather than the flaky
variety.

While there may be some question as to the original source and
the manner of deposition of the Nonesuch copper, the drilling here
has shown the principal mineralized areas to be in the immediate
vicinity of the three northeast and southwest faults.
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MICHIGAN COPPER INDUSTRY IN 1916. 21
DETAILS OF OPERATIONS OF THE MINING COMPANIES IN 1916.*
Adventure Consolidated Copper Company.

Preliminary work towards reopening the mine was started in
May. All surface plants including the No. 3 rockhouse and No. 3
hoist, were overhauled and put in shape for operation.

No. 3 shaft was found to be filled with water nearly to the sur-
face, and the old timbering in the shaft was so badly decayed that
the shaft was partly closed by caving ground from surface to the
third level, where it enters solid rock. Unwatering was accom-
plished as far as the third level by means of a pump and air lift.
Below this level the water is being removed by bailing. It was neces-
sary to retimber the shaft entirely down to the third level.

As each level was reached, the drifts were cleaned up and the
tracks and air pipes installed as far as the drifts were found to be
open. Closed drifts are being cleaned out as rapidly as possible.

Mining operations were started the latter part of November, and
shipments of ore to the Winona mill were begun about the middle of
December. Production was gradually increased up to the end of
the year and by May 1, 1917 should amount to about 300 tons per

day.
" The lodes which will be developed and mined at the Adventure
are the Butler, North Butler, Knowlton and Evergreen. The lodes,”
where opened, show on the whole a satisfactory copper content.

Ahmeek Mining Company.

Ahmeek made a record production in 1916. All costs were con-
siderably higher than they have been for the past three years, and
the yield of refined copper per ton of ore stamped was the lowest of
the past nine years.

All four shafts were in operation during the year. At No. 1 shaft
all openings and stopes showed ground of average quality, except
the workings on the 8th, 10th, 14th and 16th levels south, where the
copper occurs in small bunches.

At the No. 2 shaft all drifts and stopes showed copper contents
fully up to the average of the mine. In the higher levels the copper
is uniformly distributed throughout the lode but from the 16th level
down the copper particles, although heavier, are not so uniformly
distributed.

The mass copper fissure vein north of No. 2 shaft produced during
the year 1,221,845 pounds of copper. All openings on the fissure de-

*For details of production, costs, dividends, assessments, assets and liabilities see
statistical tables.
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veloped good values and the-vein has a promising appearance. On
the 10th level, at a point 950 feet west of the Kearsarge lode, the
drift intersected a small crossing which seems to have thrown the
mass fissure vein out of place, or to have cut it off entirely. The
drift was swung to a direction at right angles to the general strike
and continued as a crosscut to a point 1,352 feet west of the Kear-
sarge lode, where the Kearsarge conglomerate was intersected.
This crosscut was extended through the conglomerate lode, which
is 36 feet wide at this point and carries a small amount of copper
in streaks. A drift was driven near the foot side of the lode 127
feet north and 82 feet south but did not develop ground of com-
mercial value. In the south drift, 55 feet from the crosscut, a fis-
sure was encountered which extended 26 feet into the hanging and
60 feet into the foot, and from which 12 tons of mass copper was
produced. :

All openings at No. 3 shaft showed ground of average quality for
that end of the mine, but the stoping has proved that the copper oc-
curs in bunches. The “Fulton fissure vein” crosses No. 3 shaft
just below the 17th level. On the 15th level south this vein was fol-
lowed 95 feet to the east and 136 feet to the west. A number of
fair sized masses of copper were obtained in the ﬁssure work at
Jthis point has been discontinued.

At the No. 4 shaft all openings for the year showed ground of
average quality for that end of the mine. During 1917 a vigorous
campaign of opening will be conducted.

At the stamp-mill No. 7 stamp went into commission July 1 and
No. 8 will be ready in February, 1917. Some La Salle ore was
stamped when sufficient Ahmeek ore was not available to keep
stamps to full capacity.

For premiums and bonuses see Calumet & Hecla Mining Co.

Algomah Mining Company.

The operations of the Algomah during 1916 consisted of sinking
the shaft 80 feet to a total depth of 558 feet. The cost of sinking
was $47.59 per foot.

Difficulty in obtaining delivery of a new boiler and very unsatis-
factory labor conditions were responsible for the small amount of
development work done.

Shaft sinking will be resumed as soon as labor conditions per-
mit.
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Algonac Mineral Development Company.

_ This company carried on diamond drill exploration work on lands
between the White Pine Extension and the Nonesuch. The work
was begun in May, 1915 and discontinued in July, 1916. See map
of Ontonagon county.

A total of 52 drill holes was put down along the strike to ex-
plore the Nonesuch formation which is mineralized to the west at
the White Pine Extension and to the east at the Nonesuch. The
line of holes drilled extends from the 8. W. 14 of the N. W. 1 of
section 8 in a general northeasterly direction through the 8. E. 14
of the 8. E. 1 of section 5 to the center of the east half of section
4. Another line of holes extends from the N. W. corner of section
9 east along the north lines of sections 9, 10 and 11.

The results of the drilling indicate a fold in the formation and a
fault running through about the west half of section 10.

The beds were found to be fairly well mineralized, and several
cores were exceedingly rich in native copper.

Alouez Mining Company.

Allouez’s production for 1916 showed an increase of 175,831
pounds over that of 1915, the previous record production of the
company. Costs were higher than in 1915 but lower than costs in
the four years preceding 1915.

Copper returns from the stopes tributary to No. 1 shaft were

somewhat below average, this-being especially true as stoping oper-
ations on the north side gained toward the shaft.
At the No. 2 shaft stoping operations yielded better than average
copper returns, with especially good ground stoped toward the ex-
treme north on the 14th to 17th levels inclusive. The mine to the
north of No. 2 shaft will be equipped with electric locomotives on
a 125-volt trolley system.

For premiums and bonuses see Calumet & Hecla Mining Co.

Baltic Mining Company.

Baltic’s operations during 1916 showed an increase in produc-
.tion over that of 1915. The yield of copper per ton of ore stamped
was 33.64 pounds. )

No. 2 shaft was the chief producer, and the ground opened dur-
ing the year was fair. At the bottom of shafts Nos. 3 and 4 de-
velopments have shown some improvement. The west lode was
worked throughout the year from all the shafts, although almost all
the production from this lode came from Nos. 4 and 5 shafts.



24 MINERAL RESOURCES OF MICHIGAN.

Equipment will be set up in the addition to the mill building in
- the early part of 1917, and when this is finished, complete regrind-
ing of all coarse tailings will be possible.

Calumet & Hecla Mining Company.

During the year 1916 the C. & H. produced 76,762,240 pounds of
refined copper, of which amount 71,349,591 pounds was produced
by the mine, and 5,412,649 pounds was recovered by the reclama-
tion plant at Torch Lake. The total cost per pound of copper pro-
duced from the mine was 11.63 cents, and the price received for
copper sold varied from 2214 cents to 3514 cents per pound.

On the conglomerate lode the work of removing shaft pillars and
cleaning up arches and the backs of old stopes was continued
throughout the year, and about 78 drills were employed in this
work. A total of 476,310 tons was secured from these operations.

Openings on the Osceola lode continued to show about the same
grade of ore. The production from foot-wall stopes was about 3314
per cent of the total production from-this branch. Shaft openings
are far in advance of drifts.

No work was done on the Kearsarge lode during 1916. No work
was done at the Manitou-Frontenac and St. Louis branches during
the year.

At the stamp-mills both the No. 1 and the No. 2 regrinding plants
operated satisfactorily throughout the year. The remodeling of No.
1 plant should be finished during 1917. The comparative results
for 1916 for the two plants on mill tailings are as follows:

No. 1 No. 2 Total
Tons coarse tailing crushed .......... - 364,581 182,705 547,286
Pounds per ton in material treated.... 13.98 13 98 13.98
Pounds copper saved per ton.......... 3.79 4.98 4.18
Pounds copper produced.............. 1,380,344 909, 453 2,289,797
Cost per pound, excluding smelting and
selling  ......c et ittt et - 6.32¢ 4.30c 5.51c

The leaching plant was started on a limited scale in July, but
owing to slow deliveries of material, was only half in commission
at the end of the year.. The cost, exclusive of smelting and selling
expense, was under six cents per pound.

The whole plant of 2,000 tons daily capacity will be in operation
before the spring of 1917 and will be able to handle only tailings.
from No. 2 regrinding plant. Results thus far have been so satis-
factory that an addition of 2,000 tons capacity will be built to take
care of the tailings from the stamp-mill.

The reclamation plant ran continuously throughout the year. The
results of this plant, including leaching are as follows:
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Since
Year 1916 starting

" Tons tailings treated .........c..iiiviinnrennnns 545,727 727,459
Pounds per ton in material treated e 21.06 21.24
Pounds copper saved per ton ............oc0... 9.92 .
Pounds copper produced ..........ciiiiiiinaann 5,412,649 6,995,451
Cost per pound excluding smelting and selling. . 4.58¢c 4.39¢c

The new furnace at the smelter went into commission November 1.

On December 23, 1916 the Calumet & Hecla sold its 11,207 shares
of Seneca Mining Company for $60 a share, receiving $672,420. In
making this sale, it was stipulated that the other shareholders
should receive an offer of $60 a share for their shares, provided
these were presented within a reasonable time. The Calumet &
Hecla, therefore, has no further interest in the Seneca Mining Com-
pany.

On July 15, 1916 the fiftieth anniversary of the opening of the
mine was celebrated, by a general holiday. Long service medals
were given to 1,371 employees.

The ten per cent premium for the first six months of the year, an-
nounced December 31, 1915, was continued throughout 1916, to-
gether with an additional payment of 25 cents per day for each day
worked from July 1 to December 31, if the person was in the em-
ploy of the company on the latter date; this payment to be made
on the first pay day in January, 1917. On December 13 notices
were posted announcing that the ten per cent premium would be
continued until July 1, 1917, and that from January 1 to July 1,
1917, a 50 cent bonus for each day worked would be paid employees
on regular pay days.

The above statement of premiums and bonuses also applies to the
following Calumet & Hecla subsidiaries: Ahmeek, Allouez, Centen-
nial, Isle Royale, La Salle, Osceola, Superior and White Pine.

Carp Lake Mine.

In the summer of 1916 interest was revived in the old Carp Lake
mine, located about 22 miles west of Ontonagon near Lake Super-
ior. The property consists of 1,610 acres and was formerly worked
in 1863.

About the middle of June, 1916, Mr. R. . Looney, of Houghton,
who holds the controlling interest in the property, issued a report
on the mine by Mr. Jerry Rourke, of Hancock, and offered at pri-
vate subscription at $3.00 per share a limited number of pre-organi-
zation syndicate shares.

According to the report of Mr. Rourke, the ground leaving Lake
Superior rises gradually for a half mile or more, where it becomes
steeper and reaches the backbone of the Porcupine Mountains at
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an elevation of 1,100 feet above the lake and at a distance of one
mile from the shore line. To within 100 feet of the top.of the moun-
tain, the formation is sandstone, which is capped by a flow of trap
rock.. The upper 30 feet of sandstone just under the trap rock is
impregnated with native copper, forming the vein, which on ac-
count of the physical features, may be easily traced throughout
the property. The sandstone, trap and the vein, which follows the
stratification of the sandstone, all strike east and west and dip
north toward and under Lake Superior. All of the 30 feet of sand-
stone is not mineralized, the copper occurring principally in the
upper six feet and the lower ten feet, with 15 feet or so of barren
sandstone between. The copper occurs in lenses up to several
inches in thickness and as sheets along the bedding planes. The
mineralization is uniform for a distance of a mile along the vein,
as. exposed in the old workings and in a number of cuts and shal-
low shafts along the outcrop.

Exploration work was carried on at the property during the sum-
mer months. Three old shafts were unwatered and cleaned out, and
the old workings examined. It is reported that all shafts opened
show the upper six foot strip of rich copper and that a crosscut in
No. 9 shaft determined the lower mineralized strip to be as rich as
where opened on the face of the cliff, at which point Mr. Rourke
states the amount of copper to be remarkable.

Cass Copper Company.

The Cass Copper -Company was organized in June, 1916 under the
laws of Michigan, with a capital of 150,000 shares, par value $25.
The men interested in the syndicate are well known mining and bus-
iness men of the Copper Country and associates from Chicago,
Minneapolis and southern Michigan.

The company has purchased 1,980 acres of land in Ontonagon
county in the vicinity of the old Norwich mine. .(See map of On-
tonagon county). Besides the 1,980 acres the company holds un-
der option about 2,600 acres lying to the east and north of the Nor-
wich.

A geological survey of the property was made by A. H. Meuche,
and diamond drilling was started to explore the Farest lode. Five
holes have been drilled in section 6, two holes in the N. W. 14 of
section 12 and one hole in the S. W. 1/ of section 1.

Although no copper of commercial value has been found te date,
the results of the work are very encouraging and the exploration will
be continued.
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Centennial Copper Mining Company.

Severe winter storms in the early part of the year and conse-
quent transportation trouble, together with the general scarcity of
labor affected Centennial’s production during 1916. The total pro-
duction, however, showed an increase over that of 1915.

Openings to the north of No. 2 shaft disclosed some promising
stretches of ground. Stopes for the year yielded average _copper
returns. )

The Centennial has granted the Wolverine a license to mine a
triangular piece of ground about one acre in area, in the N. E. 14
of the N. E. 14 of section 12, Town 56, Range 33 in exchange for
similar rights on an equal amount of land in the N. W. 1/ of the N.
‘W. 14 of section 7, Town 56, Range 32.

For premiums and bonuses see Calumet & Hecla Mining Com-
pany.

Champion Copper Company.

Champion made another record production during 1916. At a
total cost per pound of 7.80 cents and a yield of 35.87 pounds of
refined copper per ton of ore stamped, the mine produced 33,601,136
pounds of refined copper. Net profits were $5,870,606.26.

Openings made during the year developed good ground. The fill-
ing of old stopes is about completed, and less sand will probably be
required for fill in the future. Towards the end of the year -shaft
sinking was resumed, no work of this kind having been done for
nearly three years. The mill is now equipped for complete regrind-
ing.

Cherokee Copper Company.

Exploration work was continued at the Cherokee with very en-
couraging results. _

In April a site for the shaft was cleared, foundations laid, ma-
chinery installed and in July shaft sinking was started.

Cherokee ‘is exploring an uncorrelated, epidote amygdaloid, from
30 to 45 feet in width, striking in general N. 45° E. and dipping
about 62°. The amygdaloid has been opened on surface for about
1,200 feet along the strike, and good mineralization has been found
in all surface openings:

At the end of the year the shaft was down about 250 feet. At a
-depth of 110 feet drifts were driven northeast and southwest in or-
der to determine the strike and character of the foot-wall. At the
end of the east drift a crosscut was made through the lode and into
the hanging-wall the lode showing a width-of 26 feet. The open-



28 MINERAL RESOURCES OF MICHIGAN.

ings at the 110 foot level total about 120 feet. At a depth of 220
feet No. 2 plat was cut, and drifting is now under way.

The shaft throughout its total depth of 250 feet, with the excep-
tion of only 30 feet, has shown persistent mineralization of an en-
couraging character. The 30 feet showed slight mineralization
compared with the other openings.

Copper is found in heavy form in a very irregular banded struct-
ure, the banding conforming more or less to the general strike of the:
lode and in the upper part of the shaft shows a decided tendency to
follow rather closely the foot-wall. This, however, is becoming less
pronounced with depth, and at the 200 foot level and bottom of
shaft heavy copper has been found 12 feet from the foot-wall. Be-
sides the heavy banded form of copper, shot copper and very fine
granular particles appear at irregular intervals in the lode.

An assessment will probably be called in the spring, and opera-
tions during 1917 will be watched with interest.

Contact Copper Company.

" Operations of the Contact during 1916 were restricted to a con-
tinuation of the diamond drill exploration of the beds crossing the
southeastern portion of section 11, 52-36. The object of the work
was the further investigation of the No. 8 Wyandot amygdaloid
lode.

The No. 8 amygdaloid was cut in both of the holes drilled and was
found to be generally soft and carrying a very small amount of ex-
ceedingly fine copper. The dip of the beds was found to be about
66°, which agrees with the dip of the formations farther west on
. the property at the horizon of the Winona lode.

The four holes drilled in this part of the property have dlsclosed
a formation of about 35 feet average thickness, showing a uniformly
favorable character of rock with a small degree of mineralization.
Supt. G. 8. Goodale considers the results encouraging and warrant-
ing further exploration of the No. 8 amygdaloid.

In order to protect the company’s cash resources, further work
on the property was suspended June 29, pending results at the
Wyandot to the south. Diamond drill investigation of the same
horizon is also being made by the Copper Range on lands to the
north. The directors thought it wise to await further develop-
ments at both these points before resuming active operations at
Contact.
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Copper Range Company.

Operations of the Copper Range during 1916 showed a net in-
«come of $6,078,189.65. This is equivalent to net earnings of $15.40
per share. $10 per share was paid in dividends, and the balance
added to working capital.

The total production of the Copper Range mines, Baltic, Tri-
mountain and one-half of Champion, was 37,946,930 pounds, an in-
crease over the previous year of 911,288 pounds. The average yield
-of copper per ton of ore stamped was 33.07 pounds. Each of the
three mines showed an increase in output for the year.

Considerable development -work was done, and new stoping
ground ‘was developed equal in tonnage to that extracted during the
year. The Copper Range secured an option from the St. Mary’s
Mineral Land Company on about 3,500 acres of land south of the
Copper Range mines. A preliminary exploration is now being
made of this land by diamond drilling. )

- Copper Range purchased from the South Range Mining Company
for $50,000 about 5,000 acres of scattered lands in Houghton and
Ontonagon counties.

The Trlmountam Mining Company will probably be dissolved in

1917. ‘

Flint Steel.

Work of pumping out the old Flint Steel mine for the purpose of
examination of the workings was started November 3d. This work
was completed December 16th. Mr. Samuel Brady of the Michigan,
who was in charge of the work, states that the work thus far has
resulted in no activity at the property, though it is hoped that it
may ultimately do so.

The property consists of the east 14 of the N. E. 14 and the S. E.
14 of section 11 and all of section 12, between the Michigan and the
Mass. .

Nipissing has taken an option on the property, and the unwater-
ing was for the purpose of a thorough exploration. Flint Steel was
last worked in 1875 on a fissure vein.

Franklin Mining Company.

‘Franklin had a very successful year in 1916. Production was
considerably increased, and new development work opened up very
good ground. The future of the Franklin is very promising. At
the end of the year all notes payable, amounting to $155,000 had
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been paid from earnings, and the company now has no indebted-
ness of any kind outside of current expenses.

Drifts in the Allouez conglomerate tributary to No. 1 shaft were
extended on levels 21 and 26 to 36 inclusive, and stoping was begun
in this newly developed section of the mine. The ground developed
to the north is below average grade with some well mineralized
areas of small extent.

To the south nine drifts were carried to the dividing line be-
tween No. 1 and No. 2 shafts. These drifts developed average stop-
ing ground throughout practically their entire lengths, with the
best values showing in the ends towards No. 2 shaft. Two other
drifts, the 27th and 32nd, were extended beyond the downward
extension of the center line of No. 2 shaft to test the ground through
which this shaft is to be sunk. These drifts disclosed a greater
width of lode, carrying more copper [}er ton, than is to be seen in
the section of the mine now being worked.

Early in the spring work was started to reopen No. 2 con-
glomerate shaft which had caved to surface. The work of cleaning
out and retimbering this shaft is being pushed as rapidly as pos-
sible, as it is very desirable to resume sinking in order to develop
"and mine the good ground opened by the south drifts from No. 1
shaft.

The long crosscut on the 32nd lewel was driven through the Kear-
sarge lode and stopped on the foot-wall side of the Wolverine sand-
stone, 4,542 feet from the Pewabic amygdaloid. Copper in suffi-
cient quantity to warrant further exploration was found on the foot- .
wall side of the Kearsarge amygdaloid, but owing to shortage of
men, no drifting was done.

It has been the custom at the Franklin, because of a very soft
hanging-wall, to leave the uppor portion of the lode, amounting to
one-third to one-half of its width, as a beam to support the hanging
of trap. In the latter part of the year a rope haulage was installed
on the 29th level south, and a system of stoping was begun with a
view of removing practically the entire width of lode including the
floor pillar of the level above and allowing the trap hanging to cave

"behind the men. Similar systems were installed on two other
levels, and the results have been exceedingly favorable. Others are
being put in as rapidly as possible. This new system makes pos-
sible a recovery of a greater tonnage from a given area of lode, a
reduction in the cost of stoping, an increased production and a
marked decrease in tramming cost per ton.

Every effort was made to increase production, and at the end of
the year the ore sent to the mill showed an increase in tonnage of
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more than 40 per cent over the average for the first six months.
Three of the four units at the mill are now stamping Franklin ore,
and when mining begins in No. 2 shaft, the fourth, which is now
doing custom work, will also be supplied with ore.

Hancock Consolidated Mining Company. -

Although operations at the Hancock were carried on under a
great many difficulties, the results for the year were fairly satis-
factory. Practically all dead work in the nature of driving long
crosscuts and opening up work for chutes between levels has been
completed. The mine at the close of the year was in far better phys-
ical condition than at any time in the past, and production should
be increased 100 per cent in 1917.

Development work in the lower levels exposed average ground.
The copper is better distributed than in the upper workings, and
considerable mass copper is being encountered. Crosscuts were
driven to the West branch, which is 115 feet west of the main lode,
.at two of the lower levels. The average width of this lode is about
four feet. It is bunchy but carries good grade ore and considerable
mass copper.

The development work was confined to blocking out ground for
mining in the lower workings tributary to No. 2 shaft and to ex-
tending levels south from Quincy No. 7 shaft into Hancock terri-
tory from the 66th to 71st levels. The ground mined south of No.
7 shaft was well mineralized. '

Electric haulage is being installed on the lower levels of No. 2
and No. 7 shafts and when completed will make possible the handl-
ing of a greater tonnage at a far lower cost.

Houghton Copper Company.

Houghton Copper produced 204,274 pounds of refined copper dur-
ing 1916, at a yield per ton of ore stamped of 10.55 pounds. »
Stoping was carried on both north and south of the main shaft on
the 6th level, where the.shaft is now bottomed. At the 450 foot
level a crosscut was driyen through the Superior lode which showed
a width of 28 feet. Drifting was done both north and south, and,

while the lode showed some copper, it was not encouraging.

The winze was sunk 113 feet below the 1,020 foot level, and a
crosscut was driven through the Superior lode which showed a
width of 40 feet with good ore on both foot and hanging sides.
Drifts to north and south on the Superior lode at this level opened
fair ground. The lode is now being cut out on the north side of the
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winze and heisted as ore. President Paine states that the main
lode on the 12th level looked to be as good as, or better than any
other place in the mine, but not good enough to warrant the sink-
ing of the main shaft from the 6th to the 12th level.

. The crosscut from the winze was extended from the Superior
lode to the west and driven through the West lode, which showed a
width of 15 feet. The distance from the hanging of the Superior
lode to the foot of the West lode is 123 feet. Drifts to north and
south on the West lode encountered some nice heavy bunches of
copper, but only a very small proportion of the ground opened
showed any copper. :

Indiana Mining Company.

Search for the body of felsite from which the No. 2 drill core was
obtained was continued at the Indiana during 1916. Crosscuts to
the east and drifts north and south on the 1,150 and 1,400 foot
levels were made in an endeavor to locate this much desired de-
posit.

" Felsite was found on both levels, and the contact between it and
the trap was followed for several hundred feet in different di-
rections. Copper was found at a number of places in the felsite
near the contact, but not in commercial quantities. No. 2 drill hole
was not found, but No. 9 hole was cut by one of the openings at the
1,400 foot level, at about 100 feet northeast of its theoretical posi-
tion.

Concerning this extended exploration work in search of the rich
deposit, General Manager Edwards states as follows: ¢“All the ex-
ploration work done at the 600, 1,150 and 1,400 foot levels, taken in
connection with the large amount of diamond drilling in addition
to No. 2 hole, leads to the conclusion that the deposit from which
No. 2 drill obtained the rich core cannot be of very great size or
have any regular trend, otherwise it would have been encountered
at some other point in the work. This cannot be considered as
proved as yet, and it is not the intention to convey the idea that all
hope of locating a valuable deposit on this part of the property has
been abandoned, but, after serious consideration, the directors de-
cided that the prospects of developing a mine within a reasonable
time were brighter in the horizon of the South Lake amygdaloid
lodes.”

Late in the year No. 2 shaft was started in the S. W. 1/ of sec-
tion 21, and by the end of the year had reached a depth of 124 feet.
The shaft will be sunk on the dip to 300 feet, at which depth the
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group of South Lake lodes will be explored by crosscutting and
drifting.

Isle Royale Copper Company.

Isle Royale made a profit of $1,396,655.01 in 1916. Three divi-
dends, amounting to $750,000, were declared during the year. A
notable increase in production was made, and ground developed
during the year is good.

The No. 1 shaft was unwatered and timbered to the bottom, 79
feet below the 16th level. All openings from this shaft, with the
exception of 70 feet of crosscutting, were on the West lode, and
about 38 per cent developed ground of apparent commercial value.
About eight per cent of the total tonnage shlpped to the mill came
from this end of the mine.

Sinking was carried on at No. 2 shaft. The inclination of this
shaft is being flattened in order to reach the West lode, in which
future sinking will be done. About 65 per cent of the openings from
this shaft to the south in the Isle Royale lode disclosed ground of
average copper content. In the drifts in the West lode north of the
shaft about one-half of the ground opened contained copper.

At the No. 4 shaft about 75 per cent of all ground opened shows
copper values fully up to the average of the mine. On the 6th level
north at a point 200 feet from the shaft, a crosscut has been started
into the foot to explore an amygdaloid which lies about 350 feet
east of the Isle Royale lode.

At the No. 5 shaft about 73 per cent of the ground opened shows
copper. ' :

At the No. 6 shaft good values are exposed at the bottom of the
shaft, which is now 58 feet below the 17th level in the lode. About
two-thirds of the ground opened during the year shows copper.

Sinking was carried on at No. 7 shaft. At the end of the year
the bottom was in the lode 59 feet below the 7th level, where good
copper values are exposed. Drifts tributary to this shaft developed
fair ground.

At the various shafts considerable construction work was done.
Several improvements were made at the mill, which ran with great
efficiency all the year.

For premiums and bonuses see Calumet & Hecla Mining Com-
pany.

Keweenaw Copper Company.
All work during 1916 was conducted on the property of the

Phoenix Consolidated Copper Company.
5 .
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Sinking of No. 1 shaft was continued, and the total depth of shaft
is 1,616 feet. Drifting during the year was in general towards the
foot-wall side of the Ashbed lode. A total of 4,899 feet of drifting
was done to the east and to the west, and practically all openings
developed fair to good copper ground.

The “Old Phoenix” fissure was explored from a point where it
was cut on the 7th level east by a crosscut northward to the hang-
ing wall of the Ashbed lode. No copper was found in this fissure
except where it cuts the lode near the foot-wall, at which point good
values are exposed. This fissure will be explored to the south as
soon as more men are available.

The Ashbed lode was explored by diamond drills on five different
levels. A total of 32 holes was drilled, and the results show that
where copper was not found in the drifts, the drill cores generally
show copper either in the hanging or foot-wall.

In the latter part of the year preparations were made to com-
mence stoping and milling. A rockhouse and railroad trestle were
constructed, and track laid, connecting the mine with the stamp-
mill. The mill was overhauled, and stamping was commenced on
October 13th. ’

Four Overstrom and three Wilfley tables constitute the concen-
trating equipment of the mill. It was found that the Overstrom
~ tables did not make a satisfactory recovery, and they will be re-
placed by four Wilfley tables. The total copper content per ton of
ore stamped was 15.98 pounds, but-there was a mill loss in copper
per ton stamped of 6.02 pounds. As soon as possible arrangements
will be made with the Minerals Separation North American Corpo-
ration to begin tests with its process for the further saving of cop-
per values in the finer grades of materials treated in the mill.

Lake Copper Company.

Operations at the Lake during the year ending April 30, 1917,
resulted in a total excess of receipts over expenditures of $108,-
194.94. The production of refined copper for the 12 months ending
April 30, 1917 was less than that for the nine months ending April
30, 1916. The recovery of refined copper per ton of ore stamped
dropped from 26.42 to 21.14 pounds.

Considerable attention was devoted to the Knowlton and But-
ler lodes in the north portion of the property. The old Knowlton
shaft was used to explore these lodes and the exploration gave en-
couraging results. Production will begin from stopes on the Knowl-
ton lode in the summer of 1917. At the same time more extensive
developments on the Butler lode will be pushed.



MICHIGAN COPPER INDUSTRY IN 1916. 35

At the Lake shaft the work during the fiscal year consisted
chiefly of opening and stoping the levels already developed. Con-
siderable stoping ground was opened up in the upper levels.

New work was done on the seventh level south, about 200 feet
south of any stopes in that portion of the mine. This work showed
fairly good ground. On the 11th level, the lowest level of the mine, °
the east lode was drifted on for about 400 feet. The lode showed
fairly good mineralization, but it was so narrow that work on it
was stopped. - :

The Butler-Knowlton series of veins on the north side of the prop-
erty was explored by means of the Knowlton shaft, which was
down 600 feet. The shaft was unwatered, and hoist and compressor
installed. A crosscut was driven from the Knowlton lode 550 feet
to the Butler lode on the sixth level east. This crosscut was con-
tinued 100 feet further to the Ogima lode where 30 feet of drifting
was done without promising results. .

Drifts were driven east and west from the crosscut on the Butler
lode and they have shown good results. The lode is very well min-
eralized and averages about 15 feet in width. - The Knowlton lode
is being worked on the third, fourth and sixth levels, and at all of

. these points is carrying good values.

Lake Milling, Smelting and Refining Company.

At the No. 1 mill, Point Mills, a concrete reservoir and a steel
tower were built to afford water storage for protection against fire.
These are fed by an electric pump located on a small creek east of
the mill. ) :

At the No. 2 mill, Hubbell, owing to the general shortage of labor
and to slow deliveries of material, work progressed slowly on the
two new stamp units. It will probably be early summer, 1917, be-
fore either of the units will be in operation.

La Salle Copper Company.

Besides the general scarcity of labor and transportation trouble,
which affected production, operations at La Salle were also re-
tarded by insufficient stamping facilities. The Franklin mill con-
tinued to stamp La Salle ore but in amounts gradually decreasing,
and since October 1 the Ahmeek mill has been handling a portion
of La Salle’s product. '

At the No. 1 shaft mining operations consisted of stoping on four
levels and drifting on one other level. The stopes in general were
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rather lean, with patches of fair ground occurring irregularly. The
water in this shaft was lowered from the 15th to the 17th level.

At the No. 2 shaft sinking was resumed and carried below the
20th level. Where the lode was opened near the hanging, fair cop-
per contents were found. A small amount of stoping was done on
two levels north in fair ground. Openings were extended on alter-
nate levels and disclosed fair stoping ground on the north side of
the shaft. On the south side the openings indicate stretches of poor
and fair stoping ground, the lower levels being the best.

By an arrangement with the Osceola Cons. Mining Co., the 42d
level south of No. 6 shaft, Osceola mine, was extended into La Salle
territory for exploratory purposes. At the end of the year this
opening had reached a point 692 feet south of the Osceola boun-
dary, with a very encouraging showing of copper throughout this
distance. This drift will be extended as much farther as seems ad-
visable, and the 45th level drift, which is now near the La Salle
line, will also be extended in the same way.

For premiums and bonuses see Calumet & Hecla Mining Com-
pany. :

Mass Consolidated Mining Company.

Credit is due to Supt. E. W. Walker for the very satisfactory re-
sults obtained during 1916 and for the present condition of the
mine. Production was increased, and the yield of copper per ton
of ore stamped was 16.51 pounds, compared with 14.35 in 1915. The
total operating profit for the year was $525,083.98; two dividends
of $1.00 each were paid, amounting to $194,634, and $235,893.95
was added to balance of assets,

Cost of labor was 18 per cent higher than in 1915, and all sup-
plies showed an equivalent increase, yet the actual cost of produc-
ing copper increased only about six per cent over the cost in 1915.

The results obtained underground were very satisfactory, as the
work done on the 5th level at “C” shaft shows that the Evergreen
lode is well mineralized as far west as “C” shaft in entirely new ter-
ritory, and there was obtained from the Butler lode an increased
production of ore per unit of lode area.

Development work done during the year added to the reserves a
tonnage in excess of the extraction. In addition to the reserves
added by regular development work, there are now available all the
workings of the old Evergreen mine which has been unwatered. Con-
nections are now being made from the present workings to the old
mine, and inspection of the old workings shows a large amount of
favorable stoping ground which will soon be available for produc-

tion.
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Numerous additions and improvements were made to the equip-
ment which will not only make possible an increase in production
but will permit the work to be done more economically and without
the delays experienced due to the limited power plant. :

Mayflower Mining Company.

Diamond drill exploration was continued at the Mayflower dur-
ing 1916.

At the close of 1915 hole No. 41 had reached a depth of 2,569 feet.
The continuation of this hole, however, disclosed a bed of soft,
sandy material which made further drilling impossible. The hole
was abandoned in February at a depth of 2,635 feet, without dis-
closing the position or character of the Mayflower lode.,

. It was considered advisable to make another effort to locate the
lode at depth, and No. 42 hole was started in February, about 600
feet along the strike northeast of No. 41. Hole No. 42, to a depth of
about 2,100 feet, where it cut the St. Louis conglomerate, indicated
a uniformly favorable condition of the strata and agreed in general
with the results obtained in No. 41. Below the St. Louis conglom-
erate and to a depth of 2,653 feet, several zones of crushed and de-
composed ground were encountered which made the operation of
the drill difficult. The small portion of core obtained at this depth
showed a condition apparently similar to that disclosed at the
bottom of No. 41. With further progress practically impossible,
drilling operations in this hole were abandoned on October 10th at
a depth of 2,697 feet.

- The earlier drilling on the property, however, had developed suf-
ficient promise that the directors of the company thought it advis-
able to make further exploration by ‘means of a shaft, provided an
arrangement could he made with the a@djoining Old Colony Copper
Company for a division of the expense. The only satisfactory way
that could be found for dividing the expense was by a consolidation
of the two companies. The new consolidated company will prob-
ably be formed before the spring of 1917.

Michigan Copper Mining Company.

Operations at the Michigan during 1916 were carried on as
planned when work was resumed in July, 1915. The results of this
work seem to justify the belief of Supt. Brady that a new and pros-
perous mine will soon be producing on the Michigan property.

In the spring of the year sinking in “E” shaft on the Butler lode
was completed to a total depth from surface of 630 feet. In the
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progress of the work of shaft sinking, little or no copper was found
until a point about 50 feet above the 6th level was reached, when
it appeared in very considerable quantities upon the hanging side
of the shaft. This mineralization was followed by the shaft in the
work of development to a point about 15 feet below the 6th level,
at which point it was cut off by a flat slip, dipping from the east
side of the shaft.

At the 6th level drifts were driven to west and east of shaft, and
some very good ground opened up. By means of a raise over the
top of the fault, a more or less continuous run of good ground, of
undetermined width, was traced through to the 5th level above, at

. which point the ground is still of undetermined width and of ex-
cellent character.

About the first of June a main crosscut was started south 20°
east on the 6th level from a point about 25 feet east of the shaft
line. This crosscut was driven for a total distance of 526 feet, or
to a point about 50 feet beyond the foot-wall side of the Evergreen
lode. The results obtained by this work are interesting and very
satisfactory. The crosscut will be continued to No. 8 conglomerate.

In driving this crosscut several belts of mineralization were
crossed. From one of these about one-half ton of mass and a num-
ber of tons of excellent ore were obtained. Two or three different
zones of shearing were encountered, all of which were more or less
mineralized. One of these which is well mineralized with mass aid
fine copper is believed to be identical with the fault line which was
found to have cut off the rich ground on the hanging side of the But-
ler lode in the shaft.

The Ogima lode was reached by the crosscut at a distance of 180
feet. Separated from the main amygdaloid part of this bed by a
trap parting about five feet in thickness, is another strong zone of
shearing. This zone conforms in strike and dip with the Ogima
lode and, where intersected by the crosscut, was found to carry
copper in very satisfactory quantities.

A drift was driven about 250 feet west on the Ogima lode, and a
crosscut made into the foot for about 75 feet. The drift for the first
100 feet showed fine shotty copper in commercial quantities,
through a width of five to eight feet. At 100 feet a cross fissure,
striking about N. 45° E., was encountered, which was fairly well
charged with sheety masses about one inch in thickness. To the
west of this fissure the copper contents of the lode appeared to
diminish for about 80 feet. Beyond this point sheety masses, asso-
ciated with some excellent ore, appeared upon the hanging side of
the drift, while the amygdaloidal character of the main Ogima lode
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appeared to diminish. Further drifting to the west indicated warp-
ing of the Ogima hanging to the south and the presence of a bed of
trap, striking north and south, which has caused the faulting of
the Ogima lode. A crosscut following the east side of this trap was
driven for 75 feet from the hanging of the drift. Ragged masses
and fine copper were found in this direction, and the face of the
crosscut was still in copper-bearing ground when work was sus-
pended.

The main crosscut passed through the hanging of the Evergreen
lode 175 feet from the Ogima lode. The Evergreen lode was found
to have a width of 48 feet and a dip of 43° to the northwest, with a
strike of N. 70° E. Drifting on this lode was carried about 180
feet to the west through somewhat bunchy but fairly well mineral-
ized ground. The ground opened up by this drift is characterized
by a general uniform run of fine copper upon the foot side which,
upon meeting cross slips, seems to be carried well into the hanging.
One point opened by widening of the drift showed mineralized
ground 16 feet wide, with copper still in the hanging.

On the 5th level drifting was done to east and west of the shaft.
Promising ground was found to the east. A crosscut was driven
150 feet north on this level for the purpose of intersecting another
parallel line of shearing which outcrops a little over 100 feet to the
north of the shaft. A drill hole in the face of the crosscut found
copper ground along the extension of the crosscut. _

- Various improvements were made at the mill and this work is
being pushed as rapidly as possible.

There was shipped during the year a little over 90,000 pounds of
mass copper, taken from openings on the Butler, Ogima and Ever-
green lodes during development work. There is in stock at the mine
about 4,200 tons of ore.

Mohawk Mining Company.

New openings made during 1916 in ground tributary to No. 1
shaft showed less mineralization than openings made during 1915.
This was due largely to local disturbances found north of the shaft
which necessitated considerable drifting in barren ground.

Exploratory erosscuts were driven to the east and west on the
21st level at a point 670 feet south of No. 2 shaft. The crosscut
through the hanging to the west had reached a distance of 641 feet
at the end of the year and the crosscut in the foot to the east a dis-
tance of 579 feet. Several amygdaloids were intersected, but none
warranted further investigation at the present time. The Wolver-
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ine sandstone was encountered in the east crosscut at 325 to 351
feet from the foot-wall of the Kearsarge lode.

At the No. 2 shaft drifting on the 22nd level north opened poor
ground, and drifting on the same level to the south fair ground
No. 2 will possibly be eliminated during 1917.

New openings in Nos. 4, 5 and 6 shafts show the lode to be of ex-
cellent quality. North of No. 6 shaft a fissure, varying in width
from eight to 15 feet, has been traced from the 7th to the 11th
levels. Indications of copper were found at each level, but the ex-
tent of the mineralization into the foot and hanging of the Kear-
sarge lode has not yet been determined.

Extensive repairs were made in No. 4 shaft, and several improve-
ments installed in No. 6. Little new work was done at the stamp-
mill.

Naumkeag Copper Company.

All the exploration work for 1916 was confined to the workings
from No. 4 adit at the north end of the property.

Drift No. 2 south was driven on-the old Pewabic Iode to a point
about 2,000 feet southwest of the adit and is the most southerly
opening on the property No copper was found in this portion of
the lode.

A crosscut to the east from No. 2 drift was driven to a point
about 1,150 feet, but only one of the beds disclosed showed copper.
A drift will be driven to explore this bed, as diamond drilling in-
dicated that it was mineralized. In a crosscut west from drift No.
2 south conglomerate No. 16, the Hancock No. 3 and the Atlantic
lodes were cut but were barren.

In sinking the main winze or shaft from the 190 foot level there
was some copper showing for about the first 15 or 20 feet but not in
any large amount until a depth of about 370 feet was reached. In
the winze at this depth some good bunches of copper were found.
In the north drift on the 400 foot level the copper showing was fair.
In a crosscut northwest from the south drift on the 400 foot level
several feet of good looking ore was disclosed, about eight or ten
feet in the hanging-wall of the main lode. Work on the 400 foot
level will be vigorously prosecuted. :

New Arcodian Copper Company.

" The general plan of .development work was continued at No. 1
shaft. The shaft was sunk 333 feet and is now bottomed at a depth
of 1,500 feet. Drifting was done on six levels, crosscutting on four
levels, and some stoping was done on four levels. The lode appears
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to be very persistent, and the mineralization has been very satis-
factory. The openings on the 1,500 foot level show the same persist-
ence of mineralization at depth. The lode on the bottom level is
wide, being over 20 feet in some places, and is very well charged
with copper.

About 1,800 feet south of No. 1 shaft No. 2 shaft was sunk 169
feet, and 245 feet of drifting done on the Old Arcadian lode. The
showing was encouraging, but on account of scarc1ty of labor, oper-
ations were suspended at this point.

During the year 1,391 tons of ore was shipped to the Franklin
mill and yielded 32,307 pounds of refined copper. There is now sev-
eral thousands tons of ore on hand which will be shlpped to the
Franklin mill in the spring of 1917.

New Baltic Copper Company.

The New Baltic controls 800 acres of land on the copper range in
Houghton county. Diamond drilling has found several well miner-
alized beds, including the No. 8 conglomerate.

In the No. 7-drill hole, the last to be drilled on the property, No.
8 conglomerate was intercepted at a depth of 1,192 feet. It was
found to be 41 feet thick with a dip of about 52°. Copper in vary-
ing quantities was noted in beds at 329 feet, 493 feet, 652 feet, 792
feet and also in No. 8 conglomerate at 1,196 feet.

The persistence of mineralization is indicated in the correlation
of the New Baltic hole No. 7 and the New Arcadian hole No. 24,
located about 500 feet to the northwest. ‘In hole No. 24 copper was
found in an amygdaloid at 790 feet, which corresponds to 493 feet
in No. 7 New Baltic, and also in a bed at 980 feet, which corres-
ponds to 652 feet in No. 7 hole. The New Arcadian lode is no doubt
the bed cut at 792 feet in New Baltic No. 7 hole.

The satisfactory results of the diamond drilling led to the locat-
ing of a shaft about 500 feet southwest of the N. 14 post of section
16, 55-33, to intercept the northerly extension of the New Arcadian
lode.

- Sinking of the shaft was started in October, and, after passing
through about 60 feet of overburden, was finally bottomed on the
desired amygdaloid bed. The shaft will be sunk as rapidly as pos-
sible, probably to a depth to correspond with the 250 foot level of
the New Arcadian mine.
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North Lake Mining Cempany.

Development work was carried on continuously throughout the .
year. with encouraging results.

Shaft sinking was continued and in June had reached a depth of
821 feet. On the 800 foot level crosscuts were driven northwest and
southeast. At the end of the year the southwest crosscut was
breasted in No. 8 conglomerate and as nearly as can be calculated
had 688 feet farther to go to reach the first of the South Lake lodes.
These lodes were opened from the crosscut on the 300 foot level and
carried copper but development work on that level was abandoned
owing to breaking through into overburden at two points.

The southeast crosscut passed through a good looking amygda-
loid at 679 to 728 feet from the shaft, which showed fine copper
throughout. A drift is now being driven along the foot-wall to ex-
plore this lode. Results to date have been very encouraging.

The southeast crosscut will be continued-indefinitely, as there are
several more known copper-bearing amygdaloids to be cut by it
which were discovered by diamond drilling. The one which showed
the best copper in the drill cores should be cut by the crosscut at
1,480 feet from the shaft.

Old Colony Copper Company.

On December 20, 1916 the following announcement was made to
stockholders of Old Colony by the directors of the company :

“Your directors desire to state that a plan has been agreed upon
by the Boards of Directors of the Old Colony Copper Company and
the Mayflower Mining Company for a consolidation of the two prop--
erties on an equal basis. The consolidated company will have about
$100,000 as a fund with which to begin shaft sinking to develop the
mineral deposit which has been disclosed on both properties by the
drilling just concluded. This sum will be contributed in approxi-
mately equal amounts by the two companies, and an assessment of
50 cents per share has therefore been levied on the shares of the Old
Colony Copper Company to provide its share of this fund. The con--
solidated company, which is to be known as ‘Mayflower-Old Colony
Copper Company’, will have an authorized capitalization of 200,
000 shares, $12.00 per share paid in, and will acquire all the prop-
erty and assets of both companies on a share for share basis, and
will be under the direction of Mr. H. F. Fay, identified with both
companies since their organization, as President.

“The drilling campaigns heretofore conducted by both companies
have developed to date a total tonnage on both properties, on an as-
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sumed dip of 50 degrees, of approximately 32,000,000 tons, and have
proven the continuity of the lode for a distance of about one mile on
the strike. The work has been entirely original research in a terri-
tory never before explored, but the results thus far obtained indi-
cate that it is a lode of unusual width, and the general average of
all the values shows it to be a formation with a high degree of min-
eralization. The drilling has encountered many puzzling geological
problems, but it has been thoroughly and scientifically performed,
and has developed a mineral deposit which has been most persistent
in the extensive area covered by the investigation.

“The results secured to date warrant shaft sinking to open up the
‘deposit revealed by the diamond drilling, and a consolidation is the
natural solution of the question of how best to demonstrate the
" value of both properties, and it is apparent that through a consoli-
dation a duplication of mining operations can be avoided and many
other economies effected. ]

“The two companies now have sufficient machinery and equip-
ment to carry on shaft sinking to a considerable depth and also
dwellings to accommodate the force required for this work.”

-~ Onondaga Copper Company.

Diamond drilling was discontinued in the summer of 1916, and,-
while the treasury has ample funds to resume exploration work, it is
- not probable that anything will be undertaken in the immediate
future. -

Osceola Consolidated Mining Company.
Osceola had another profitable year in all three branches in 1916.

Osceola Branch.

The grade of ore mined was even better than in 1915, and the
yield per ton was 14.89 pounds. Mining operations were limited to
No. 6 shaft. The workings south .of No. 6 shaft near the boundary
continued in good ground all the year. The 38th and 39th levels
were particularly rich; the 40th and 41st reached the boundary
line and the 42nd was driven across the line into La Salle territory.

North Kearsarge Branch.

" At this branch more copper was produced in 1916 than in any
other year since 1911. Only two shafts operated most of the time,
and snow storms in the early part of the year hindered shipments
to the extent of ever two weeks’ production.

Repairs in No. 3 shaft, begun in June, 1915, were completed in
the summer of 1916 ; hoisting was resumed in June, and production
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gradually increased until it amounted to 450 tons per day at the
end of the year.

Changes and improvements in drilling machines and drill steel
were used to good effect throughout the mine. The average recovery
of copper per ton of ore treated was considerably better than in re-
cent years.

The mine is in good condition, and No. 3 shaft’s production will
probably be increased as fast as that of South Kearsarge falls off.

South Kearsarge Branch.

At this branch the recovery of copper per ton of ore was better
than for several years, and on the whole 1916 was unusually profit-
able. A third more ore was produced during 1916 than was antici-
pated at the beginning of the year.

Mining the pillars of No. 2 shaft was continued to a limited ex-
tent, and a start was made on No. 1 shaft pillars. These pillars
contain about 650,000 tons available for mining. During 1916 over
a third of the ore treated came from foot-wall work, from cleaning
out old stopes and from an old stock pile on the surface. With
these sources exhausted, next year’s product will be considerably
reduced.

For premiums and bonuses see Calumet & Hecla Mining Com-
pany.

Porcupine Exploration Company.

This company was organized early in the year 1916 to explore the
Nonesuch formation in the Porcupine Mountain district. The acre-
age controlled by the company is shown on the map of Ontonagon
county. o

Beginning at the N. 14 post of section 23, about 16 diamond drill
holes were put down in sections 23, 22 and 27 of 50-44. The general
direction of the line of drill holes was about S. 35° 'W. The angle
of all the holes was 60° and the holes varied in depth from 250 to
800 feet. '
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The beds cut by the drill and the average dips of the beds to the
southeast are as follows:

' Dips

Beds ) Shallow Deep
Freda sandstone about ................ .. 59
Upper Grey Shale Group- about......... 47 59
Upper Grit ......covviiiviiiiiiinnnn, 52 63
Lower Banded Shale .................. 50 60
Quartz Banded Shale .................. 47 57
Lower Grit .......coviiiiinininnnnnn. 47 57
No.1Shale ....ccvvviniiiiinninnnnnn.. 48 59
No. 1 Sandstone ...........ccovevnunnn 46 60
No. 2 Parting Shale ................... 46 59
No. 2 Sandstone ...............c0onn.. 54 60
Red Sandstone ...............c.c0on.n 50 62

In the last few holes drilled the dip changed somewhat, indicating
a bend in the formation to the west. Also in the last few holes drilled
the copper values changed from native copper to chalcocite. The
values found occurred at the base of the No. 1 shale, in the No. 1
sandstone, in the No. 2 shale and sometimes in the No. 2 sandstone.

Mr. A. G. Ballenberg, who was in charge of the exploration work,
states that the only reason work was discontinued was the lack of
copper in commercial quantities.

Quincy Mining Company.

Operations of the Quincy during 1916 showed a mining income of
$2,785,778.73.

There was a large amount of development work done throughout
the mine, and in all of the openings the lodes developed averaged
fairly well in copper. The yield of refined copper per ton of ore
treated was 1714 pounds.

At the No. 2 shaft the ore was of better grade than in 1915, with
the usual percentage of mass copper. The drifts on the various
branches of the Pewabic lode continued throughout the year in good
average grade ore. The lower levels of this shaft averaged better in
copper than similar drifts during 1915. ’

Shafts Nos. 6 and 8 were sunk during the year. All drifts averaged
well in copper, and more copper was found than in similar drifts
the previous year. At No. 6 a better showing of copper is especlally
noticeable in the extreme lower levels.

Since about the middle of the year No. 7 shaft has been used to



46 MINERAL RESOURCES OF MICHIGAN.

hoist water during a part of one shift and for Hancock operations
during the other full shift.

Extensive general repairs were made to buildings and ore dress
ing machinery at the stamp-mills. The smelter was extremely busy
throughout the year, and about November 1st the briquetting plant,
which had been idle for over five years, was again started in order
to increase the capacity of the works.

Seneca Mining Company.

On April 13, 1916 the announcement was made that a syndicate
composed of Thomas F. Cole, of Duluth, Tucker, Hayes & Bartholo-
mew, with some associates, had secured control of over 60 per cent
of the stock of the Seneca Mining Company, control of which was
owned by the Calumet & Hecla Mining Company. The Seneca ad-
joins the Mohawk and Ahmeek and carries the Kearsarge lode on
the dip.

It was further announced that a new corporation would be or-
ganized having 200,000 shares of stock. Thomas F. Cole was to be
president of the new company and W. J. Uren, general manager.
Immediate operations were planned to develop the south end of the
property by sinking a shaft. This deal, however, did not materialize
for various reasons. _

In the early part of December announcement was made that
Tucker, Hayes & Bartholomew, in association with Lewisohn
Brothers of New York, had secured a renewal of the option from the
Calumet & Hecla, carrying control of the Seneca Mining Company.
It was proposed to form a new company, the Seneca Copper Com-
pany, with 250,000 shares, 200,000 shares to be issued at $15 per
share. W. J. Uren was named as general manager.

On December 23, 1916 the Calumet & Hecla sold its 11,207 shares
of SBeneca for $60 a share, receiving $672,420. In making this sale,
it was stipulated that the other shareholders should receive an offer
of $60 a share for their shares, provided they were presented within
a reasonable time.

Operations at the new Seneca.will probably be begun in the spring
of 1917 under the direction of W. J. Uren.

South Lake Mining Company.

South Lake continued development work, and total openings up
to the end of the year 1916 show approximately one mile of drifts
on the various lodes, a large proportion of the ground opened being
of suitable character for stoping.
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The long drift on No. 3 east at the 600 foot level south is being
driven to make a connection with the Lake mine. This drift has
opened’ considerable stretches of very good ground.

Production began in May with 627 tons of ore treated at the
Franklin mill. This amount was increased gradually to 3,500 tons
in December; a total of 20,057 tons being sent to the mill in the
eight months from May to December inclusive. This 20,057 tons
yielded, including mass, 476,280 pounds of concentrates. The esti-
mated yield of refined copper is 285,600 pounds.

A steel rockhouse of modern design was constructed and is now
in successful operation. Production during the first month of 1917
will probably be increased to double the average for the last eight
months of 1916.

Superior Copper Company.

Operations during 1916 were confined to No. 1 shaft; no new
work was attempted at No. 2 shaft during the year.

On the 17th level in the Superior lode, the last two available
stopes are now being mined, and, with the exception of one stope
on the 15th level, all ground above this point has been worked out.

On the 18th, 19th, 20th and 21st levels in the West lode, about
1,800 feet of drifts show copper ground of apparent value, repre-
senting about 150,000 tons of ore, stoping of which has not yet been
started. If to this tonnage is added about 100,000 tons which
remains in present active stopes, there is a total of approximately
250,000 tons still to be mined. This available ore lies within the
only copper shoot evident in the lower drifts. The shoot has been
found to extend from the 18th to the 21st levels and lies about
1,200 feet south of No. 1 shaft. It has not, however, shown sufficient
size to warrant driving such long drifts in order to reach it, and it
has therefore been decided to sink to the 33dlevel before conducting
~ the further explorations which will probably determine the future
of the mine. 4

During 1916 the shaft was sunk for the most part in trap rock
between the Superior and West lodes. The shattered nature of the
ground retarded sinking considerably, and the sinking was discon-
tinued temporarily at a point below the 29th level. Sinking will be
resumed as soon as possible and will be continued to the 33d level,
at which point an extensive exploration of the various lodes W111 be
conducted.
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Tamarack Mining Company.

Tamarack’s production for 1916 was nearly double that of 1915.
The yield of refined copper per ton of ore treated was 18.2 pounds
compared with 17.9 pounds in 1915. Good ground was opened in
the newer stopes at the North Tamarack branch.

Tamarack made a good profit, although costs were very high. The
regrinding plant at the mill was completed in the summer, but no
machinery has as yet been installed.

The Tamarack mine is deep, and mining is expensive, but oper-
ated on a large scale and probably at considerable initial expense,
Tamarack could make a profit even on 15 cent copper.

In the latter part of 1915 the Calumet & Hecla suggested that it
might consider a purchase of the Tamarack property if an agree-
ment could be reached as to its value. Mr. W. E. Parnall was ac-
cordingly employed by the Tamarack to examine and report on the
value of the property. Mr. Parnall reported a valuation of the as-
sets, other than ore in the ground, at $4,616,734, from which would
be deducted the company’s debts of $349,286. He found it impos-
sible to place a value on the ore deposits. Mr. Parnall was of the
opinion that a different method of mining on a large scale would be
profitable.

Mr. MacNaughton, general manager of the mine, believed that it
would not pay to operate Tamarack because of the high costs. He
did not consider the unopened ore bodies of any value and did not
believe that increasing the production would be profitable.

The result of several months’ negotiations was that the Calumet
& Hecla offered to purchase all the assets of the Tamarack, except
its holdings of Mineral Range Railroad stock, for $3,563,486, and to
assume and pay the existing debts of the company. That meant $59
a share to Tamarack stockholders. The offer was conditional upon
the completion of the sale and delivery of the Tamarack property
by June 1, 1916.

The sale was blocked by G. A. Hyaims, a stockholder of the Tam-
arack. Late in August the directors of the Calumet & Hecla de-’
termined that under existing circumstances it was for the best in-
terests of the company to distribute among its stockholders its hold-
ings of Tamarack stock. A dividend was declared of 20,000 shares
of the capital stock of Tamarack to be delivered to stockholders on
August 31, 1916, at the rate of one-fifth of a share of the capital
stock of the Tamarack for each share of the stock of the Calumet &
Hecla. This distribution of Tamarack stock by the Calumet &
Hecla to its shareholders was followed by the resignation of James
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MacNaughton as general manager of the Tamarack. Mr. Charles
S. Smith was elected president and Charles H. Altmiller, secretary
and treasurer of the Tamarack company, and the main offices were
removed to 50 Congress Street, Boston.

Tremont and Devon Mining Company.

The Tremont and Devon adjoins the Victoria to the west. In the
spring of 1916 diamond drill exploration was started on the prop-
erty, and three holes were drilled before the work was discontinued.

It is reported that in the first hole drilled the Devon lode was
cut, showing 11 feet of good ore, and that in the third hole drilled
the Forest lode was cut, showing nine feet of excellent ore. In this
third hole the Devon lode, which is just above the Forest lode did
not show commerclal values

Trimountain Mining Company.

Trimountain’s production for 1916 showed an increase of 417,662
pounds over that of 1915. Underground openings maintained the
average quality. The use of waste stamp-sand for filling stopes was
begun towards the end of the year, and a total of 17,700 cubic yards
was run into the mine through old No. 1 shaft. Electric haulage
was installed underground on several levels.

In March the stamp-mill was destroyed by fire.  Fortunately
there was sufficient surplus stamping capacity at the Baltic mill to
“treat the output of Trimountain, so no loss of production resulted.

Victoria Copper Mining Company.

Victoria made a record production of 1,661,832 pounds in 1916..
Profit from mining operations was $176,806.56. The company, how-
ever, carried on considerable construction work which reduced the
profit for the year to $85,330.87. . _

The improvements for increasing production made during the
Year consist of a new shaft to the 2,600 foot level, doubling of the
shaft-house and equipment, doubling of the rockhouse and rock
crushing capacity, a new Nordberg hoist and an auxiliary steam
power plant at the stamp mill to supply power at times when the
water is low. There is now shaft and hoisting capacity to take care
of all exploration and development work in opening the mine to a
depth of 5,000 feet..

7
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The copper content per ton of ore stamped increased slightly.
Stopes on the 23d, 24th and 26th levels were heavy producers
throughout the year, and the other stopes throughout the mine were
about normal. Very little development work was done during 1916.

‘With the new hoist now in operation, production in 1917 should
show a marked increase.

‘White Pine Copper Company.

No. 2 vertical shaft was sunk to a point 151 feet below the 2d
level. The collar of this shaft is 150 feet north of the main fault
which is almost vertical. The lodes on the south side of the fault
have been found by diamond drilling to be from 600 to 700 feet
lower than the lodes on the north side. To further explore the lodes
on the south side, No. 2 vertical shaft is now being sunk to a point
600 feet below surface, where it will bé deflected southward along a
curve of 500 feet radius and should enter the lode south of the fault
at a point 970 feet from surface. From this point the shaft will
follow the lode which dips at an angle of 45° to 50°.

No sinking was done at shafts Nos. 3 and 4. Drifts to east and
west of No. 3 shaft showed fair or average values. The 4th and 5th
levels west disclosed ground of poor quality and a much faulted
lode.

At No. 4 shaft drifts were extended on all six levels. The greater
part of the ground opened by these drifts is poor, with average
ground showing in a few places. :

Considerable diamond drilling was done during the year to locate
the lodes south of the fault. A deep surface hole and four under-
ground holes have cut the lodes. These holes are located from 100
" to 200 feet south of the fault and are spread along a line parallel to
the fault for over 2,400 feet. As mentioned above, this drilling has
shown the lodes south of the fault to lie from 600 to 700 feet lower
than those immediately north of the fault.

The average yield of refined copper per ton of ore treated was
22.27 pounds in 1916.

No changes were made at the stamp-mill during the year. A 50-
ton Minerals Separation flotation unit is on the ground, prepar-
atory to testing its efficiency in saving fine copper.

For premiums and bonuses see Calumet & Hecla Mining Com-
pany.
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White Pine Extension Copper Company.

White Pine Extension is developing three mineralized beds of the
Nonesuch formation. These beds are known as No. 1 shale, No. 2
shale and No. 3 sandstone. No. 1 shale is a wide shale, five feet
along the.foot of it assays about 15 pounds of copper per ton. Be-
low this shale, with six feet of barren sandstone intervening, is No.
2 shale, four and one-half feet in width, assaying from 22 to 30
pounds per ton. About nine feet below the No. 2 shale, as exposed
in underground crosscutting, is a fine-grained sandstone, 18 to 24
inches thick, assaying as high as 60 pounds per ton in some open-
ings. .

A vertical shaft has been sunk to a depth of 242 feet, 23 feet of
which was through overburden. At a depth of 55 feet a crosscut
was driven into the hanging of the shaft for a distance of 30 feet,
exposing both No. 1 and No. 2 shale. No. 2 shale was drifted upon
for 24 feet.

At a depth of 219.8 feet the second level was established, and a
crosscut was driven in to the hanging for a distance of 45 feet. At
the end of the year No. 2 shale had been drifted upon for a distance
of 327 feet north and 338 feet south.

At intervals of 100 feet crosscuts were made from the drift on No. -
2 shale into the hanging, exposing No. 1 shale, and at 100 feet north
and 100 feet south of the shaft crosscuts were driven into the foot,
showing the No. 3 sandstone. It is intended to continue this system
of exploration on No. 1 shale and No. 3 sandstone by crosscuts as
the drifts on No. 2 shale are extended.

A site has been selected for a 100-ton experimental mill, and
plans for the mill are now under consideration in accordance with
recommendations by T. G. Chapman of Tucson, Arizona. Prof.
Chapman obtained a recovery of 85 per cent from White Pine Ex-
tension ore in the metallurgical laboratory of the Michigan Colle
of Mines, by a combined process of slime tables and oil flotation.

‘Winona Copper Company.

Openings at Winona during 1916 showed about’the usual run of
ground, those in No. 1 King Philip, showing perhaps the best. By
increasing the size of motors driving the Hardinge mills and using
steel balls instead of flint pebbles, the amount ground in each mill
was materially incréased. )
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During the year a wooden shaft and rockhouse was constructed
at King Philip No. 1 shaft.

The total production of refined copper in 1916 was considerably
higher than in 1915, but the yield of copper per ton of ore treated
dropped to 13.39 pounds.

Wolverine Copper Mining Company.

Wolverine’s production for the year ending June 30, 1916, with
the exception of 1913-1914, was the lowest since the year 1901-1902.
This decrease in production was due to severe winter storms, heavy
rains in the spring and to a shortage of labor for some months.’

Openings made during the year showed fair to good mineraliza-
tion. In addition to regular stoping and drifting, about 50 per cent
of the ore hoisted was obtained by cutting out the lode along the
foot in older and more recent stopes.

President Stanton states that the decrease in copper contents of
ore is noticeable as the bottom limits of the company’s territory are
approached, but as the ore is of considerable commercial value, the
mine will be opened to the bottom. It will require two years or
longer to reach the bottom of the mine, and the directors believe
that it will then require all of ten years to exhaust the mine, esti-
mating a production equal to the average of the past three or four
years.

‘Wyandot Copper Company.

Work during the year ending March 31, 1917 was confined largely
to stoping on the 8th and 9th levels both east and west of the winze.
Drifts on the 10th level were extended both east and west of the
winze, and some drifting was also done on the 8th level drift west
of the winze, all with more or less encouragement.

Supt. F. L. Van Orden states as follows:

“Our showing has been too encouraging to close the exploration
without further investigation, yet, on the other hand, it has not
been sufficiently encouraging to warrant us in assuming or believ-
ing we have an embryo mine.”

Further efforts will be confined to drlftmg only, east and west
of the winze. The 10th level drift west carries copper in more per-
sistent quantities than any other opening to date.

During the year a mill test was made of 1,605 tons of ore which




MICHIGAN COPPER INDUSTRY IN 1916. 53

refined 12.54 pounds of copper per ton, with 5.26 pounds left in the
tailings.

A large storage bin is filled w1th selected ore ready for mxlhng, :
and in addition to this there is some selected tonnage underground. .
A second mill test at a mill equipped with regrinding machinery
- should show much better results than the first test.
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LIST OF ACTIVE COPPER MINING

Name of Company.

Location of Mine or Property.

Adventure Consolidated Copper Co
Ahmeek Mining C

nac Miner n? Development Co...
A ouez Mining Co................

Baltic Mlnjr})f ............
Calumet & Hecla Mining Co..
Carp La.ke Mlnlng Co........

Cha.mglon CopperCo.............
Cherokee CopperCo..............
Contact Copper Co...............
Copper RangeCo.................
Flint Steel. . .....................

Franklin Mining Co...............
Hancock Consolidated Mining Co...
Houghton Copper Co..............
Indiana Mining Co................
Isle Royale Copper Co............

Keweenaw Co per Co...ovvinvinn
Lake Copper Co..................
La Salle Wm .......... ..
Mass Conso dated Mining Co
Mayflower Mining Co.............
Michigan Copper Mining Co.......
Mohawk Mining Co........ ..
Naumkeag Copper Co..

New Arcadian Copper Co.. o
New Baltic CopperCo............

North Lake Mining Co............
01d Colony Copper Co ............
Onondaga Copper Co..............

Osceola Consol dated Mining Co....
Porcupine Exploratlon Co..........

Qulncy Mining Co................
qout.hl Lakce (rég Co ............
uper or Copper Co....@..........
Tamarack l\gﬁﬁ Co.. ... i,
Tremont & Devon Mlning Co......
Trimountain Minlng Co...........

Victoria Co%)er Mlnlng Co........
White Pine CopperCo............
‘White Pine Extension Copper Co...
Winona Copper Co................
‘Wolverine Copper Mining Co......
‘Wyandotte Copper Co.............

Greenland, Ontonagon Co. ............coivuvnnnnan

Akmeek, Keweenaw Co, ........
Lake Mine, Ontonagon Co.........
Porcupine Mt. Dlstrlct Ontonagon C
Allouez, Keweenaw Co...............

South Rai
Calumet,

, Houghton Co..
oughton [ & Y

Porcuplne Mt. District. Ontonagon Co........... v
‘West of Victoria, Ontonagon Co.....................

Calumet,

Houghton Co........ccovviiiiinnnnennnnn

Painesdale, Houghton Co..........cocvoiiniinnnnnns
Between Indiana & Winona, Ontonagon Co...........
Elm River, Houghton Co.............ovtiuiennnnn.

Houghton Co...........coiiveviiinnnann

ale,
Between Michlgan & Mass Mines, Ontonagon Co. . ...

Demmon, Houghton Co............... ... ..., ..

Hancock,

Houghton Co.....oovviiiiiiiiininnnnas

North of Superior Mine, Houghton Co.............. .
Indiana, Ontonagon Co...............covveiinnnnen
Houghton, Houghton Co......... e et teeeieaaaea

Phoenix, Keweenaw Co. . ............ciiiveuniinns
Lake Mine, Ontonagon Co..............ccoivvennnnes
South of Osceola M ne, Houghton L

Mass, On!

tonagON CoO........ 0% c0ovvrnienrnenninn

East of Wolverine Mine, Houghton Co..ovvvnninnnns

Rackland,
Mobawk,

Houghton. Houghton Co.

East of
East of

Ontonagon Co.
Keweenaw Co. .

uinc, ine, Houghton Co
anklin Mine, Houghton Co.

Lake Mine, Ontonagon Co...............coovvun..n.

East of C

alumet, Houghton Co. .. ..................

Porcu ine Mt. District, Ontonagon Co...............
sceola, Kearsarge, Tamarack, Houghton Co.........
Porcuplne Mt. D strlct,, Ontona,gon 74

Hancock, Houghton Co. ..................iiviinnne
Greenland Jc., Ontonagon Co...............co0un.ns

North of
Calumet,

Baltic Mlnmﬁioughton Co..oviviiiiiia
Houghton Co.................covvnunan <

‘West of Victoria, Ontonagon Co.....................

Trimount.

ain, Houghton Co.................. R

Victoria, Ontonagon Co. ...............covuiennnns
Porcupine Mt. District, Ontonagon Co...............
Porcupine Mt. Dlstrlct Ontonagon Co............ ..\
Winona, Houghton Co. ...................covuiins
Kearsarge, Houghton Co..................0covnn ..

East of

inona, Houghton Co......................
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COMPANIES OF MICHIGAN, 1916.
|
General Office. General Manager. | Superintendent.
i
|
32 Broadway, New York..............o|oieininnicennnnns .. E. W. Walker.
12 Ashburton Place, Boston James MacNaughto * S. Russell Smith.
60 Con, St., Boston. .... R. M. Edwards. | Thomas Bennett.
1005 Dime Bank Bldg., Detroit . - ... ... | .. ... eceieeinns ' Fred B. Close.
12 Ashburton Place, ton. . . James MacNaughton F. W. Ridley.
82 Devonshire St., Boston. ............. F.W.Denton........... ! Albert Mendelsohn.
12 Ashburton Place, Boston. . .......... James MacNaughton. . ... John Knox.
Houghton, Mich. . . ........ .. ... . . ] el ' Je Rourke.
Houghton, Mich. .. ...... ... .ottt ]iiie ittt iannnn | A. H. Meuche.
12 Ashburton Place, Boston. ........... James MacNaughton. ...' F. W. Ridley.
82 Devonshire §t., Boston.'............. F. W.Denton. ......... [esemen e iiaeeiiieaas
Houghton, Mich. .. ................... W. A.Hodgson. . ....... J. A. Thomas.
70 State St, Boston. . .............o. i i . G. 8. Goodale.
82 Devonshire St., Boston. .. ........... F.W.Denton........... coouuiiuionnennnnnos .
............................................................. Samuel Brady.
60 Con, St Boston...............: R. M. Edwards. . ....... Enoch Henderson.
Han Mich. ... John L. Harris. . ....... . ..o iiiia
705 Setrs Bldg., Bostom. .........oiiiii i R. R. Seeber.
St,Boston................ R. M. Edwards......... Thomas Bennett.
12 Ash urton Place, Roston. .. .. ...... James MacNaughton. . ..| James E. Richards.
Calumet, Mich........................ W. T Uren. ....ooovuie]imroereaeaenennanns 1
82 Devonshire 8t., Boston. . ............0.......... ... ... E. W. Walker.
12 Asbburton Place, Boston James MacNaughton Ole Hallinﬁ(
79 Milk St., Boston.. T.
705 Sears Bldg Boston . . G S. Goodale.
15 William St., New York..............[ ..o, Samuel Brady.
15 William St., New York....... Theo. Dengler. . ‘W. F. Hartman.
61 Broadway, New YorkK...............]ceeueniinnennnnn S. S. Lang.
Houghton, Mich...................... R. H. Shijelds. . ......... Otto Lieber.
Houghton, Mich......... ............ R.H.Shields...........|..cooiiiieii i
60 Congress St.,, Boston. ............... R. M. Edwards. ........ Thomas Bennett
705 Sears Bldg., BOStOn. .........ovvvii]iiinii it i G. 8. Good
Houghton, Mich. ...............iiii. 1\? ............ H. W. Fesing
12 Ashburton Place, Boston............ Ja.mes acNaughton F. H. Haller.
1517 Conway Bldg., Chicago............J......... ... .o .. oo, A. G. Ballenberg
32 Broadway, New York............... Chas. L. Lawton. .......|......coiinienanennnn .
60 Co St,Boston................ R. M. Edwards......... Thomas Bennett.
12 Ashburton Place. Boston............ James MacNaughton. ... Ocha Potter.
12 Ashburton Place, Boston. ........... James MacNaughton. ...! J. T. Been.
Calumet, Mich........................ W.H.Gibson..........0 e iieiieierenneenoee
82 Devonshire St.,, Boston.............. F. W.Denton........... . Roy Reynolds.
60 Congress St.. Boston. .............. | i iiiiiiiinn.. George Hooper.
12 Ashburton Place, Boston. ........... James MacNaughton. . ..| Thos. H. Wilcox.
15 William St., New York. . . Theo Dengler W. R. Bolley.
705 Sears Bldg Boston. . R. R. Seeber.
15 William St., ‘New York W. R. Bolley.

68 Devonshire | St., Boston

F. L. Van Orden
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68 MINERAL RESOURCES OF MICHIGAN.

IRON ORE SHIPMENTS FROM THE MARQUETTE RANGE.?

Name of Mine.

1907 and

prior years.
|

1908

1909

Bessie
Beaufort (Ohio)....................
Blue (See Queen Group) . ...........
Boston (with ﬁ {xt\gtl;lti,lan) ............
ell...............
Braastad  { Winthrop.... . llll00

Breitung No. 1....................
Breitung Hamatite No. 2...... e
Buffalo?..................... .0

Cambria.......................... .

Clesgﬁmd' ........................
Cleveland Hemntlte (Included under
Cleveland) . .....................

Cleveland Cliffs Group¢.............
Columbm (Kloman) ................

East.' Champlon. 1
East New York g
Edison........... .oooieiiiiiin

Grand Rapids Davis)..............

Green Bay (See Bay State)..........
Hartford.................... ... ...
Himrod............ e
Holmes............ccooviiiivnnnn
Hortense (North Champion)........

Home (P.and L. S.) (Now Volunteer).
Humboldt (Washington)............
Imperial................ ... ... ...
Indiana (See Bay State)............
Iron Cliffss. .......................

Iron Mountain. ...................
Isabella...............cooviinnn,
JACKSOM. ... ...t
Keystone (See East Champion)......
Lakeo. . ... ......... .. i liie

Lake Angeline. . ...................
},a.ke Superior. .......... ... ...l

Maas
Magnetic (Stock Pile). .............
Manganese (Negaunee).............

127,113
, 2908

801,851
16,637

59,007
432,683

2
1,814,925

140, 841
118,512

1,091
31,817
171,893
31,447

49,754
110,736

7,784,751
14,320,173
1,678,150

23,222

220,410
261,955
8,632

1,115
29,036

150,422

244,923
271,445
10,121

11,257
208,103

See foot notes 1, 2, 3, 4, 5,6, 7, 8, 9 and 10 on pa:ge 72.
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IRON ORE SHIPMENTS FROM THE MARQUETTE RANGE.

1911 1912 1913 1914 1915 1916 Total

195,197 122,211

87,514 246,163 1,301,809

.................................................................... 59,097

63,497 57,085 30,994 49,590 174,107 70,328 345,601
72,688 63,995 83,280 27,705 176,620 80,655 865,728

672,428 631,358 1,022,461 20,990,673
.................................... 94,813
’ 16,671

59,114

140,841

118,512
2

TUT16,954) 33,1247 38,348 (.. LoLillllllL il 47,1107 392,318

1,
31,817
171,893
31,447
16,357

49,754
110,736

................................ 14,466 444,669 65,0?8 124,164

1,700,537
17,093

167,258 151,910 102,762 128,073

167,352 169,326 164,834 133,519
25,597 26,119 [............l......
28,003 44,224 135,746 123,211

16,676 72,724 |. ... e
. 46,6

See foot notes 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 and 12 on page 73.
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IRON ORE SHIPMENTS FROM THE MARQUETTE RANGE,—Concluded.

1908

1909

1910

104,098
67,999

237,509

150,732

1907 and
Name of Mine. prior years.
Marquette’............... ... 152,847
Mary Charlotte.................... 717,647
Mesabi’'s Friend. . ................. 16,043
M ichu;amme6 ...................... 880,362
Miller. ............. e P 4,756
Milwaukee-Davis. . ................ 375,451
itchell. ........... ... ... ... 17,780
MOOTE. . ..o i it et e e 68,131
Morrs........covie e i
National.......................... 150,216
Negaunee......................... 3,017,691
Negaunee Construction Works....... 12,708
New York (York).................. 1,123,071
New York Hematite............... , 37,
North Champion (See Hortense).....|............
North Republic.................... 28
Nonpareil (St. Lawrence)........... 23,395
Northwest. ....................... ,68
Norwood...................cvvunn. 5,753
Ogden..............oviiiviniain, 986
............................ 59,806
Pendill. ............. .. .o ,99
Palmer. . ..........coo i, 14,172
Palmer (Cascade) (See Volunteer)....|............
Pioneer............... ... ... 15,409
Pittsburg & Lake Angeline (See Lake
Angeline). . ............ ..o
Platt .. ... ... i 73,844
Portland...............ooovini|iniiii
Primrose............... ... ... .. 6,040
Prince of Wales?. .......... T 32,415
Quartz 49
Queen? 180,866
Queen Group8. . ................... 4,974,391
Republic............. ... ... ... 5,948,895
Republic ReductionCo............. 47,174
Richards.......................... 8,261
Richmond......................... 524,895
Riverside. . ....................... ,160
Rolling Mill....................... 93,630
Saginaw............. ... 451,424
Salisburys......................... 686,411
Sam Mitchell (See Mitchell).........|............
%a;xg)son (Argyl e) .................. 267,805
............................ 1,261
Section 12......................... 21,887
South Buffalo?..................... 245,412
SPUTT. ... it 165,244
Star West. (Wheat) ................. 204,649
St. Lawrence (See Nonpareil)........|............
@ter]ing (See American).............|c.coeiui....
Taylor..... ... ..., . 32,970
Tea.l Lake (See Cambria)...........|[............
22§ S PN 90,371
Volunteer (See also Home). . 1,393,175
Washington. ................ ... | i
Webster. . . ....................... 34,905
West Republic..................... 133,077
Wetmore...................oiun. 50,870
Wheeling. . ....................... 433,771
Wintrhop?. . ......... ... ... ..., 1,335,839
Wheat (See Star West). ............[............
Totals.................cocuuu. 83,716,337

2,214,782

3,983,436

3,840,129

See foot notes 1, 2, 3, 4, 5, 6, 7, 8, 9, and 10 on page 72.
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IRON ORE SHIPMENTS FROM THE MARQUETTE RANGE.—Concluded.

1911 1912 1913 1914 1915 1916 Total

.................................................................... 152,847
340,335 250,700 262,431 57,138 8159,817 164,447 2,4?%.(5)1%

7,781 11,536 10,310 [..ooovnnnn. 6,572 |......oiint. 411,650
.................................................................... 150,216
140,040 | 442,190 327,447 247,484 480,521 523,735 6,0’;‘%,?8%
........................................................ oL 1,23.0m
37,587

.................................................................... 289
.................................................................... 23,395
,687
5,753
986

.................................................................... 59,806
o I I R I 45,993
.................................................................... 14,172

295,962 224,862 235,648 178,574 473,961 283,775 7,238,899
113,137 156,867 135,879 52,562 215,182 209,059 7,226,887

...................................... 47.174
T 47,2037| 117,873 38,3047 129,851 | si77,304 | 181,154 1,575:"1123

96,584 115,784 163,287 98,010 1¢130,900 253,943 1,552,617

.................................................................... 451,424
.................................................................... 686,411

6,631 | - 359,121

2,666,121 (3,415,654 3,487;993 2,340,326 I 123,778,008 4,694,669 | 114,137,545

See foot notes 1, 2, 3, 4, 5,6, 7, 8, 9, 10, 11 and 12 on page 73.
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Under Iron Cliffs 1800-1895; under Cleveland-Cliffs group after 1895.
*Under gueen group after 1890.

3Under Cleveland-Cliffs group after 1883.

‘Includes Cleveland after 1883; includes Barnum, Foster, Iron Cliffs, Michigamme and

Salisbury after 1895.

sUnder Iron Cliffs 1891-1895; under Cleveland-Cliffs group after 1895.
sUnder Cleveland-Cliffs group after 1895.

"Under Winthrop after 1892.

SIncludes Buffalo, Prince of Wales, Queen and South Buffalo after 1890.
*Prior to 1890, see Braastad ; includes Marquette after 1802.
19Included in Cleveland-Cliffs Group.
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ron Trade Review reports 152,063 tons shipped in 1915 by Breitung Hematite No. 1 and
No. 2 combined.
*See foot note No. 1.
3[ron Trade Review reports 634,837 tons shi g in 1915.
«Iron_Trade Review reports 203 922 tons sl in 1915 by Mary Clmrlotte Figure in-
cludes Himrod sbipment
sSee foot note No
sIsabella shlpment not reported by Iron Trade Review.
7Does not include Gwlnn district. Does include west end of range in Baraga county.
8lron Trade Review figu
*Iron Trade Review reports 177,000 tons shipped in 1915.
1oIron Trade Review reports 130, 902 tons shipped in 1915
ron Trade Review reports 18,850 tons shipped in 1915
Total for Marquette range 1915, Iron Trade Review, 3, 746,591 tons. See foot note No. 7.
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IRON ORE SHIPMENTS FROM THE GWINN DISTRICT.

(GROSS TONS)

1907 and |
prior years. 1908 1909 ' 1910

(AUBHIR) 195,950 111,229 125,858 } 188,588
(Princeton) Swanzy or Chesire)......| 1,192,204 | "~~~ 36,033 42,034 89,441
Stegmiller......... .. .. ... .. e 39,869 48,842
(Stephenson) . ..................... 6,305 52,588 64,075 225,726

B 1

|
Total........ ... ... ... ... ..., 1,394,459 199,850 272,736 | 552,597

1

IRON ORE SHIPMENTS FROM THE GOGEBIC RANGE, MICHIGAN.
1907 and
prior years. 1908 1909 1910
Ada (included in Ironton)........... 0. ... ... ... .o
Anvil and North Anvil. . ........... 662,408 35,937 22,927 7,235
Ashland.......................... 4,867,933 259,611 259,612 231,506
Asterold. ....... ... .. . e
Aurora (Norrie-Aurora Group after
1004) . ... e 3,061,684 |............0.....oooi]iiiiiiia,
Bessemer......................... 20,889 |... ...
Blue Jacket ....................... 1,799 | oo
Brotherton........................ 1,552,632 96,776 103,090 102,626
Castile. . ......................... 8,265 |............ 26,982 20,197
Chicago..............ooviiiiinnn. 68,727 |.... ...l
Colby. . .....ooiiiii e 2,221,048 58,305 170,095 194,754
Davis (Wisconsin).................. 103,961 |. ... . ... e
Eureka........................... 224,148 122,324 115,662 41,611
Federal........................... 36,443 |. ... ... e
First National..................... bO97 | e
Geneva. ............iiiiiiiiin 7,008 | oo
Imperial (See Federal)..............0. ... . .. iiimiiiideiininiii i
ronChief. . ...................... 12,199 | ..o
Iron Chief No.2................... 551 |
Iron King (See Newport). . .........| ..o oot
Ironton........................... 479,359 92,932 277,594 109,025
99,090 |........... ] e
216,367 |....... ... e
811,273 86,617 99,195 52,715
Newport and Bonnie............... 4,257,295 579,390 ( 1,008,354 1,182,324
Norrie-Aurora Group (after 1904) 15,994,361 773,243 977,054 1,333,006
Pabst (Norrie-Aurora Group).. 2,366,583 [ ... e
Palms ............................ 01,284,489 ... e
.............................. 70, 6,303 22,174 3,324
Plymout.ll .........................................................................
Puritan (Ruby).........cooiinn... 109,572 |. ... ool 50,019
Section 13, L1
South Chicago..............cooiiilinn)inininn oo,
Sparta.......... ... .. .o 4,862 |........... oo oo
Sunday Lake...............oov.0nn 1,102,133 111,130 93,712 115,486
Tilden............................ 4,822,945 111,184 154,506 99,937
Vaughan (See Aurora) (Norrie-Au-

rora Group after 1904) . . . ........| ... i e
Wakefleld.......... ... . e
Wisconsin (See Davis)............. .| oo e
Yale (West Colby)................. 286,841 14,874 71,458 108,253
Total............ ... ... ..... 45,658,117 2,348,626 3,402,415 3,652,918

Iron Trade Review.

2fron Trade Review reports 112,932 tons shipped 1915.

shl ped from the Minnewawa (quconsin)

ron Trade Review reports 1,408,516 tons shipped 1915.
‘lron Trade Review reports 838 875 tons shipped 1915.
sIron Trade Review reports 442 ,422 tons shipped 1915.

This figure includes 17,692 tons
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TRON ORE SHIPMENTS FROM THE GWINN DISTRICT. (GROSS TONS)
1911 1912 1913 1914 1915 1916 Total
110,839 102,530 107,365 30,493 '............ 64,521 1,037,373
230 ... 20,159 57,910 143,708 222,007
54,442 143,519 53,479 13,607 817,171 ... ........ 1,642,830
45,122 50,963 45,431 40,972 40,272 65,420 376,891
135,474 214,386 96,298 93,796 243,458 368,739 1,500,845
346,107 511,398 302,573 199,027 358,811 642,388 4.779,946
IRON ORE SHIPMENTS FROM THE GOGEBIC RANGE, MICHIGAN.
1911 1012 1013 1914 1915 1916 Total
""" 310 | 55,610 | 7777 2387|5771 144 7497 T120,355| T 955,540
151,478 211,927 ,63 123,702 204,622 70,4 6,273,492
,569 ,23 42,419 135,120 13,468 88,867 70,
.................................................................... 3,961,684
.................................................................... 20,889
.................................................................... 1,799
65,015 148,930 70,138 47,662 107,244 107,814 2,401,927
23,59 136,703 57,595 36,569 475,596 131,422 16,906
............................................ 130,977 |............ 99,704
41,673 245,195 305,744 *291,947 315,913 423,553 4,?3‘;,;2?
TTT98,600° 65,7237 T 14,562 23,430 | 128,414 206,319 | 1,040,802
.................................................................... 36,443
.................................................................... 1,997
.................... 31,303 |............ 34,416 86,922 159,749
USEDESON IOSISSSR! ISSSRSRRSORE INSRRRSSORIE IDSRRESORIEN IDDESESSSRIIN HEN 12,199
.................................................................. 551
63,359 173,135 166,123 51,138 |............ 148,200 1,560,865
.................................................................... 99,090
.................................................................... 216,367
.................... 33,111 2,094 1,044 23,741 1,109,790
............................................ 5,434 4,997 10,431
555,853 966,435 1,139,666 702,861 4835.058 1,310,595 12,537,821
883,910 1,500,758 1,503,451 985,199 | 31,407,770 1,855,863 2;%&4‘2;?
NORURORON I 39,1527 88,644 | " T7173,792°|  T3444,673°|° 528,746 | 2,559,496
.................................................................... 102,056
........................................................ 330,496 330,496
.......... 90,683 64,463 58,410 80,367 308,534 762,048
.................... 10,659 11,686 ' 11,527 41,876
.................... 844 ... 32,356 48,070 ,270
............................................ 11,274 |.......... .. 1,274
.................................................................... 4,862
56,096 155,485 110,374 54,327 136,211 188,771 2,123,725
138,387 158,191 97,686 114,777 99,516 110,733 5,907,862
Ll 15,2617 313,050 | 651,302 "i;béi',%éé'."'é'.b&ilééé
T154,0447| 76,5727 89,482 | 19,074 42,6327 i49§i55""'i16i314é5
2,253,800 (4,094,938 3,847,398 3,150,609 4,591,040 7,316,899 80,315,830
¢Iron Trade Review reports 76,70?515_ —s_thped 1915.
"Iron Trade Review reports 45,171 tons shipped 1915.
8Iron Trade Review reports 40,248 tons shipped 1915.
Total for Gogebic range 1915 Iron Trade Reveiw 4,595,498 tons.
Total for Gwinn district 1915 Iron Trade Review 358,787 tons.
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IRON ORE SHIPMENTS FROM THE MENOMINEE DISTRICT, MICHIGAN.

1907 and
prior years. 1908 1909 1910
Antoine. 1,353,792
Aragon 5,362,941
Breen. 75,425
Briar Hill 4,981
Chapin...............ccooviiiinn, 15,203,149
Clifford & Traders. ................|............
Compell...........oviiiiinn... 49,302
Cufl. ... e 58,419
Cundy..........ciiiii i 807,967
[021 » 1. 208 416,928
Cyelops.........covvviiiniiiannnn, 286,093 |........... )], P
E eanor (Appleton)................. 18,719 . ... ..o
F ..'.'.'.’.'.l'.'.'.'.'.'.'.'.'.’.'.'.'.'.'.'.Z'.Il 11,988 | o ool
Halt and Half..................... R S O e
Hamilton......................... 96,072 |.......... .. coeeeeiinn i e
Hersel............................ 958 |....oiiiiii e
Indiana........................... 17,871 [............ O
Keel Ridge........................ 93,101 |.... ... ... feieiiiii i
Loretto...........ooiiinunnnnannnn 1,085,053 13,354 96,613 116,048
Ludingto! 1,001,818 |.......o.iii)iinnnnenaeei]iiniiniinnn
Millie (Hewitt) 354,
M . 227,542
y.. 1,291,352
Penn Iron Mming Co 4,233,133
PeITY ... i ittt e e i 3,138 |
Pewabic.......................... 6,086,946 365,341 465,453 380,376
Quinnesec......................... 99,756 [............ 3,147 7.
Saginaw (Perkins).................. 443,322 38,669 19,994 {............
Stephenson.,...................... 9,350 |......... P P N
Sturgeon River. ................... 19,404 |. ... ... . e e
@FONB . . . ..ovtvvirecanrancnnennns 130,975 |. .. ... i
Vivian............ ... ... .o 395,356 10,058 |............ 14,827
Vulcan (with Penn Mines)........... T I e S N
alpole. ........ ... . ...l 19,089 |........o e e
Total............coovviuinn., 41,470,486 1,254,110 1,991,108 1,674,447
METROPOLITAN TBOUGB.
Groveland. . . . ’ 40,036 9,123 24,933 26,462
Metropolitan. : 107,027 |. .o e
Northwestern 810 |
Total......................... 182,873 9,123 24,933 6,462
CarLuMET TROUGH
Calumet.......................... 106,132 15,222 [....... oo e
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IRON ORE SHIPMENTS FROM THE MENOMINEE DISTRICT, MICHIGAN.

1911 1912 1913 1914 1915 1916 Total

244,478 7,489,882
een 7k

557,485 | 18,987,500
. 113,362 634,793
4

............................................................. 93,101
18,579 135,177 158,257 45,449 68,806 174,173 1,911,509

1,001,518
387,182
364,112

1,291,352

377,026 | 426,743 416,410 214,827 2368,451 419,340 6,985,565

3,138
352,598 279,771 364,176 299,228 178,013 301,125 9,072,087

503,647
.................................................................... 501,985
.................................................................... - 39,350

.................................................................... 19,404

1,431,840 (1,537,546 1,680,620 1,156,452 1,355,289 1,871,747 | 55,423,645

33,758 | 12,468 9,251 |..... IO IO P IO 156,031
.................................................................... 107,027
.................................................................... 35,810

33,758 12,468 9,251 [ e feeeaees 298,868

.......... 35,587 18,976 f........oofiien i 175,917

Iron Trade Review reports 384,654 tons shipped 1915.
2Iron Trade Review reports 411,393 tons ship, 1915.
Total for Menominee range 1915 Iron Trade Review 1,397,711 tons.
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IRON ORE SHIPMENTS FROM THE CRYSTAL FALLS DISTRICT, MICHIGAN.

1907 and

prior years. 1908 1909 1910
Alpha. . ...... ... ... ... ... L, 1,370 |. .o e
Amasa Porter. . ... ... ... .. o e
Armenia................ . .o 311,608 [...... ..ot 65,473
Balkan..............ooooiiiiiiiii i e e
Bristol (Claire). ................... 1,598,242 190,300 396,825 270,742
Carpenter..............cocvvuunennn

Columbia. . .
Cgstal Falls
Delphic .
Dunn....
Fairbanks

Genesee (Ethel)
Gibson............ooiiiiiiiien
Great Western.....................
Hemlock......... e
Hilltop. . ....covi it

n .
Kimball..........................

Richards. ..
Sheldon & Shafer (Union) (See Col-

2,844
239,970
6,844
939,652
425,708

umbia). . ...... ...
South Mastodon................... 8,208 |.......c...u )i
Tobin............. ... ... it 873,427 161,642 359,668 235,812
Warner. .. .. o IS N R
Youngstown......................n 151,425 | ..o
Total................cviununnn 13,213,407 629,602 1,425,261 1,206,592
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.

IRON ORE SHIPMENTS FROM THE CRYSTAL FALLS DISTRICT, MICHIGAN.

1911 1912 1913 1914 1915 1916 Total

............................................ 5144 ,284 229,195 373,479
322,729 438,900 379,169 172,006 1378 ,831 462,801 4,610,545
................................ - 51,147 2284 ,187 240,114 575,448

.................................... 942,703
................... 1,735,251
.................................... 33,770

52,883 8,304 | ...l 2,254,678
500

25,342
56,528

84,338
107,753

127 18,303 70,766 49,328 5116,73? 3,476 258,715

308,456 319,318 154,896 65,351 18,6‘2‘4i 146,113 2,6;2,307

............................................ '

.................................................................... 151,425

1,254,135 1,304,739 1,172,948 535,457 1,241,187 1,491,421 23,474,757

Iron Trade Review reports 378,786 tons shipped 1915.

2Iron Trade Review reports 284,088 tons shipped 1915.

3[ron Trade Review reports 116,724 tons shipped 1915.

sNot reported by Iron Trade Review.

sNot reported by Iron Trade Review.

¢Iron Trade Review reports Hemlock 28,172 tons, Michigan 112,680 tons shipped 1915.
Total for Crystal Falls district 1915 Iron Trade Review 1,240,946 tons.
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IRON ORE SHIPMENTS FROM THE IRON RIVER DISTRICT, MICHIGAN.

1907 and
prior years. 1908 1909 1910
Baker. . .....covviiiinninininneni i 45,003 39,417
Baltic.............coviiviiiiien . 865,200 129,037 174,426 171,930

5 003 11T P [
Iron River........................ 904,587 [...co.iiiiiiginiiea e i
James (O88NA).........ccovvvennnn.. 2,360 59,760 90,851 78,388
*Dober-Isabella.................... 65,192 |.. ...t i e
NANAIMO. ..o overeene i eenens . 373,460 . 2 P P
1I{iverton (Dober and Isabella)....... 922,825 47,073 171,200 84,269

OIS . oo v v v vveevanoneeneneennnesfonaeeennseealoneeennneeulonesenneeneeloneennenenns
Selden..............coiiiiiiiiian, B 2 O
Shti]rldan .......................... 116,299 |. ..o e

10,303 25,555

Total...........cooeiiinnnen 3,877,202 630,745 1,152,076 . 1,001,960

*Riverton.




STATISTICAL TABLES—IRON ORE. ) 81

IRON ORE SHIPMENTS FROM THE IRON RIVER DISTRICT, MICHIGAN.

1911 1912 1013 1914 1915 1916 Total
3,290 |.......... 24,286 113,733 41,378 |............ 267,107
66,502 | 100,736 130,631 29,206 10,078 110,965 1,788,711
................................ 45,171 72,275 117,446
.................... 23,259 5,539 39,615 140,061 | - 209,374
22,272°| ""33,4227(.....0 100 23,826 15,413 38,470 269,137
.................................................................... 4,211
185,660 | "306,014 295,841 279,379 479,083 448,631°1 2,674,813
.......... 17,499 26,823 15,318 [ \evrerureilunnnnen s, 59,638

............................................ 45 75,089 75,
58,054 | 135,208 107,604 19,455 132,664 188,807 823,309
215 | 27,614 115,409 70,881 86,103 96,518 396,830
45,219 | 08760 79,048 51,686 66,327 67,731 409,671
108,947 | 149,619 137,002 114,849 *155,411 100,640 | 766,468
67,616 | 84,074 124,568 15,329 27,718 89,506 ' 577,747
RO RSSOt 69,435 77,960 9,219 121,010 367,624
116,633 | 220,106 160,511 91,370 93,453 187,070 | 1,483,639
B O P S 102,511 156,528 259,039
................................................................... 904,587
50,439 | 75,702 176,634 73,832 102,294 136,645 846,905
.................................................................... ; 65,102 .
.................................................................... 373,765
200,142"| "171,493 160,818 176,274 262,382 i74,002°| 2,371,468
................................ 27,081 53,155 81,842 162,078
.................................................................... 2,002
........................ 116,209
8,328 (11100000 16,650 | 63,411 242,049 236,302 569,461
.......... 3,750 48,395 5,972 |, ...l 35,948 94,065
7491, 12,377 | ...l 19,361 30,470 62,957
1,019 | "40,417 40,322 25,584 |.......0.... 12,890 121,132
89,450 | 83,528 43,649 |........... [ l0l0 53,601 744,102
110,084 | 187,584 149,309 172,720 108,218 138,881 904,488
1,115,514 1,736,516 | 1,943,560 | 1,453,403 | 2,181,694 | 2,795,862 | 17,888,532

Iron Trade Review reports 132,779 tons shipped 1915.

tIron Trade Review reports 155 7 11 tons shipped 1915

3ron Trade Review reports 99, 050 tons ship

Total for Iron River district 1915 Iron T Review 2,182,934 tons.

11
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SUMMARY OF IRON ORE SHIPMENTS FROM MICHIGAN RANGES. (GROSS TONS.)

1903 and
prior years. 1904 1905 1906 1907
Marquette.......... 69,074,846 2,767, 242 4,086,943 3,935,293 3,907,955
Gwinn 42,907 76, 9,079 166,894 ,11
Menominee. 31,563,402 1,712, 800 2,741,169 2,953,131 2,498,784
Crystal Falls 8, ,686 917 969 1,174,366 1,395,910 1,631,484
Iron River. 2,096,001 284,273 337,973 568,469 589,946
Gogebic. . . 34,555,808 2,042,398 3,215,352 3,113,981 , ,083
Metropolitan 164,323 737 13,913
Calumet....."... 38,913 51,646
Total............ 146,229,876 7,805,880 | 11,684,432 | 12,149,451 12,166,929
1908 1909 1910 1911 1912
Marquette............ 2,214,782 3,983,436 3,840,129 2,614,881 3,406,646
Gwinn 199, 272,736 552,597 346,104 510,398
Menominee 1,254,110 1,991,108 1,674,447 1,421,840 1,538,746
. Crystal Falls 629,602 1,425,261 1,206,592 1,254,135 N , 739
Iron River... 630,745 1,152,076 1,001,960 1,115,514 1,736,966
Gogebic. .. 2,348,626 3,402,415 3,652,918 | ‘2,102,322 3,883,011
Metropolitan 9,123 24,933 26,462 33,758 12,468
Calumet. . ., 15,222 |... ..o 35,387
Total............ 7,302,060 | 12,251,965 | 11,955,105 8,898,554 ‘12,428,361
1913 1914 1915 1916 Total

Marquette............ 3,487,993 2,340,326 3,778 098 4,694,669 | 114,137,545
winn, .......... ..., 302,573 199,027 358,811 642,388 4, 779 ,946
Menominee........... 1,680,620 1,156,452 1,355,289 1,871,747 55,423,645
Crystal Falls.......... 1,172,948 N 1,241,187 1,491,421 23,474,757
Iron River............ 1,943,560 1,453,403 2,181,694 2,795,862 17,888,532
Gogebic.............. 3,847,398 3,150,609 4,591,040 7,316,885 80,315,846
Metropolita.n ......... 1 e 8,868
Calumet............. 18,976 |......oovv|eiiiiiieni 175,917
Total............ 12,463,319 8,835,274 | 13,506,119 | 18,812,972 | 296,495,056
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SHIPMENTS OF IRON ORE FROM MICHIGAN RANGES BY COUNTIES.
(GROSS TONS. )
1903 and

County. prior years. 1904 1905 1906 1907
jogebic.............. 34,555,808 2,042,398 3,215,352 3,113,981 3,093,083
FOM. ..vveiennnnnn. 10,189,777 1,202,242 1,512,339 1,964,379 2,221,430
Jickinson. ........... 31,766,538 1,717,537 2,741,169 2,968, 2,564,343
Vlarquette............ 68,962,760 | 2,817,195 4,175,605 | 4,097,111 4,154,288
3arags............... 44,993 N 39,967 5,076 133,785
Total. ........... 146,229,876 7.805,880 | 11,684,432 | 12,149,451 12,166,929

County ' 190§ 1909 1910 1911 1912
Gogebic.... .......... 2,348,626 3,402,415 3,652,918 2,102,322 3,883,011
fron................. 1,260,347 2,577,337 2,208,552 2,369,649 3,041,705
Dickinson. . .......... 1,278,455 2,016,041 1,700,909 1,465,598 1,585,601
Marquette............ ,305,366 3,888,055 4,236,311 2,871,116 3,864,101
BATBZR. . ... .\ oo vl 109,266 368,117 156,415 89,642 53,943
Total............ 7,302,060 | 12,251,965 | 11,955,105 8,898,327 12,428,361

County 1913 1914 1915 1916 Total
Gogebic.............. 3,836,739 3,150,609 4,591,040 7,316,885 80,315,846
) + P 116,508 1,988,860 3,422,881 4,287,283 41,363,289
Dickinson............ 1708,847 1,156,452 1,355,289 1,871,747 55,898,430
Marquette............ 3 753,023 2,494,029 4,018,294 5,297,050 | 116,910,747
Aragad............... 37,543 45,324 18, 40,007 B , 744
Total............ 12,452,660 | 8,835,274 | 13,506,119 | 18,812,972 | 296,495,056

[AVERAGE NUMBER OF MEN EMPLOYED IN THE IRON MINES OF MICHIGAN
IN 1916 BY COUNTIES.

Gogebic Iron Dickinson Baraga Marquette
Total employed in pro-
ducing mines =
7.544. ... ......... 6,496 4,275 2,364 73 4,336
Total in idle mines and
exDlorutlons = 455.. 10 230 none none 215
Total = 17,999% 6,506 4,505 2,364% 73 4,551+

*Indiana mine
not reported.

in Dickinson County not reported. Empire mine in Marquette County
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LIST OF THE ACTIVE IRON MINES OF MICHIGAN

Location. & 5'§
Es |EQ8

Name of mine. BE | oAS | 5o

28 |85 (553

County. | Section.| Twp. | Rge. | EE | go~ | §=k

. ) 2] 4 (=1
MARQUETTE RANGE:
American and Boston......... Marquette. . 32 48 28 | 1880 294 | 1,620
Breitung Hematite No. 1...... Marquette. . 8 47 26 | 1903 140 960
Breitung Hematite No. 2...... Marquette. . 8 47 26 |...... 90 |.

Cambria.................... Marquette. . 35 48 27 | 1875 122 978
Champlon................... ‘Marquette..| 31,32 48 29 | 1867 [...... 1984
Chase...........c.ccovvuennns Marquette. . 3 47 28 | 1913 {...... 351
Cliff Shaft................... Marquette. . 9,10 47 . 27 | 1887 336 9087
EmPlre ...................... Marquette. . 19 47 26 | 1907 * 200
Gwinn......... priaeedaenans Marquette. . 28 45 25 | 1914 181 | 1,009
Hartford (Cambria No. 2)..... Marquette. . 36 48 27 | 1889 |......|......
Himrod (see Mary Charlotte)..| Marquette.. 7 47 26 | 1914 |...... 640
Im al... .| Baraga..... 25 - 48 31 | 1890 1 185
Isabella . .| Marquette..| 29,32 47 26 | 1915 151 702

Jackson. ..... .| Marquette. . 1 47 27 {1846 |......|......
Lake and Moro. .| Marquette.. 10 47 27 | 1892 | 284 591
Lake Sally................... Marquette. . 14 47 27 | 1915 81......
Lake Superior (Hard Ore). .. .. Marquette. . 9,10 47 27 | 1858 319 | 1,080
Lake Superior (Soft Ore)...... Marquette. . 10 47 27 | 1858 7 820
Lake Angeline (Angeline)...... Marquette. . 15 47 27 | 1864 26 615
Lloyd (see Morris)............ Marquette.. 6 47 27 | 1911 }....... 808
Lucy (with Jackson).......... Marquette. . 6,7 47 26 | 1878 |......|......
Maas....... Cererassansenans Marquette. . 31 48 26 | 1907 220 | 1,100
Maitland (Volunteer)......... Marquette. . 30 47 26 | ... ... 506
Mary Charlotte. ............. Marquette. . 8 47 26 | 1903 275 640
Morris and Lloyd............ Marquette. . 1 47 28 | 1912 291 860
Moro with Lake.............. Marquette.. 10 47 27 | 1881 |......0......
Negaunee......... feovosaons Marquette. . 5,6 47 26 | 1887 358 | 1,086
Ohfo........covivviiennnnnn, Baraga..... 22 48 31 | 1882 72 250

" Portland.................... Baraga..... 26 48 31 | 1896 |...... 1
Queen GIOUP. . . ....oovvnnnnn Marquette. . 5 47 26 | 1888 | 212 | 1,010
Republic. ........ e Marquette. . 7 46 29 | 1872 269 | 2,150
Richmond.. .. .| Marquette.. | 28 47 26 | 1896 85
Rolling Mill. Marquette. . 7 47 26 | 1872 86 786
Salisbury.... Marquette. . 15 47 27 | 1872 123 941
Volunteer......... Marquette.. 30 47 26 | 1871 93 506
‘Washington (Barron). . Marquette.. |- n 47 29 | 1865 10 875

SwaNzy DiIsTRICT:

CAustin. ... Marquette. . 20 45 25 | 1907 53 364
Princeton.................... Marquette..| 18,20 45 25 | 1872 8 782
Stegmiller. .................. Marquette.. 17 45 25 | 1909 59 300
Stephenson.................. Marquette. . 20 45 25 | 1907 236 562

MENOMINEE RANGE:

Aragon..............c.oiuinn Dickinson. . 8,9 39 29 | 1889 349 | 1,355
Chapin..................... .|. Dickinson. .| 25,30 40 (31,30 | 1880 720 | 1,501
Cy ogs & Norway (Penn Grip)| Dickinson... 5 39 20 | 1878 |...... 355
East Vulcan (Penn Group). .. .| Dickinson..[ 10,11 39 29 | 1877 756 | 1,400
Indiana..................... Dickinson. . 27 40 30 1 1915 * 85
Loretto. ........coovvvennnnn Dickinson. . 7 39 28 | 1893 183 800
Millie (Hewitt).............. . Dickinson. . 31 40 34 | 1881 |. 1 312
MUDTO. . ooveie i iie e ennns Dickinson. . 6 39 29 | 1903 40 170
Pewabic................ ... Dickinson. . 32 40 30 | 1890 249 > 941
‘West Vulcan, Curry & Brier Hill| Dickinson. . 9,10 | - 39 20 | 1879 |...... 1,770
Clifford and Traders.......... Dickinson. .| - 20 40 30 |...... 66 143

*Not reported.
1Undeveloped.




1916, WITH LOCATION, OWNERSHIP, ETC.
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Bt
o5
[~
2 g-;; Operators. Address of Home Office.
ES3
Se2
4
20th | American Boston Mining Co...... 1300 Leader-News Building, Cleveland, Ohio.
9th | Breitung Hematite Mng. Co...... Marquette, Mich.
6th | Breitung Hematite M% Co...... Marquette, Mich.
5th | Republic Iron & Steel Co......... Youngstown, Ohio.
33rd | Champion IronCo.............. ‘Wolvin Building, Duluth, Minnesota.
3rd | Cleveland Cliffs IronCo......... Ishpeming, Mich.
10th | Cleveland Cliffs Iron Co.......... Ishpeming, Mich.
2nd | EmpireIronCo................. Rector Bulldlnﬁ,l Chicago, Illinois.
8th | Cleveland Cliffts Iron Co......... Ishpeming, Mich.
........ Republic Iron & Steel Co.........| Youngstown, Ohio.
6th | Mary Charlotte Mng. Co......... Marquette, Mich.
4th | Cleveland Cliffs Iron Co . Ishpemini.{Mich.
1st | Cascade Mining Co.... Hibblnf. inn.
........ Cleveland Cliffs Iron Co Ishpeming, Mich.
5th | Cleveland Clifts Iron Co.. Ishpeming, Mich.,
........ Jones & Laughlin Ore Co.........| Pittsburg, Penn.
1080 L | Oliver Iron Mining Co........... Wolvin Building, Duluth, Minn.
820 L | Oliver Iron Mlninf Co........... ‘Wolvin Building, Duluth, Minn.
9th | Pittsburg & Lake Angeline Iron Co.[ Cleveland, Ohio.
3rd | Cleveland Cliffs Iron Co.......... Ishpeming, Mich.
........ Cleveland Cliffs Iron Co..........| Ishpeming, Mich.
3rd | Cleveland Cliffs Iron Co.......... Ishpeming, Mich.
5th | Veolunteer Ore Co....... P 1400 Alworth Bid., Duluth, Minn.
6th 1 Mary Charlotte Mlllll(llg Co....... Marquette, Mich.
4th | Cleveland Clifts Iron Co.......... Ishpeming, Mich.
........ Cleveland Clifts Iron Co..........| Ishpeming, Mich.
9th | Cleveland Clifts Iron Co......... Ishpeming, Mich.
6th | Niagara Iron Mining Co......... North Tonawanda, N. Y.
........ Niagara Iron Minln%Co. +ev.....| North Tonawanda, N. Y.
1010 L. | Oliver Iron Mining Co........... ‘Wolvin Bldg., Duluth, Minn.
2150 L | Cleveland Cliffs Iron Co.:........ Ishpexlx::g, Mich.
........ Richmond Iron Co...... .| 1300 er-News Bldg., Cleveland, Ohio.
fth'| Jones & Laughlin Ore Co 3d Ave. & Try St., Pittsburg, Pa.
19th | Cleveland Cliffs Iron Co Ishpeming., Mich. :
5th | Volunteer Ore Co...... 1400 Alworth Bldg., Duluth, Minn.
10th | Washington Iron Co. . Marquette, Mich.
6th | Cleveland Cliffs IronCo......... Ishpeming, Mich.
6th | Cleveland Cliffs Iron Co.......... Ishpemlnﬁ. Mich.
2nd | American Mining Co............. Western Reserve Building, Cleveland, Ohio.
5th | Cleveland Cliffs Iron Co......... Ishpeming, Mich.
14th = National Tube Works Co.........| Frick Bldf., Pittsburg, Pa.
17th = Chapin Mining Co............... Wolvin Bldg., Duluth, Minn,
......... Penn Iron Mining Co............| 1703 Morris Bldg., Philadelphia, Pa.
........ Penn Iron Mining Co............| 1703 Morris Bldg., Philadelphia, Pa.
1st | Thomas Furnace Co............. Milwaukee, Wis.
8th { Loretto IronCo................. 1400 Fulton St., Chicago, Ill.
3rd | Dessau Mianf Co.....ovvivinnt Care B. J. Clergue, Montreal, Que.
2nd ! Munro Iron Mining Co.......... 55 Erie Co. Bank BINdg., Buffalo, N. Y.
8th | PewabicCo..................... 910 Wells Bldg., Milwaukee, Wisconsin.
18th | Penn Iron Mining Co............ 1703 Morris Bldg., Philadelphia, Pa.
1st | Antoine Ore Company........... Republic Building, Youngstown, Ohio.
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LIST OF THE ACTIVE IRON MINES OF MICHIGAN,

. ]
Location. & EE !
Name of mine. g2 |SBs S8
: 52 |°E5 | 838
County. | Section.| Twp. | Rge. | EE | g5~ | §rik
B 4 =]
CrysTAL FaLLs DistrICT: t
Amasa Porter................ Iron....... 22,33 44 33 | 1916 85 | 400
ristol. ... ... . ... Ll Iron....... 19 43 32 | 1892 200 | 1,060
Carpenter. ........ ... ... ... Iron....... 31 43 32 | 1914 246 330
Dunn-Richards............... Iron....... 1 42 33 | 1887 98 | 1,623
Genesee (with Tobin)......... Iron....... 29,30,31 43 3211902 |......|......
Great Western............... Iron....... 21 43 32 | 1882 1 l 1,257
Hemlock.................. .. Iron....... 4 44 33 | 1891 5, 1,016
Judson..... ... ... ... 10 Iron....... 13 42 33 | 1914 158 3
Michigan (with Hemlock) . . | . . on....... 9 44 33 | 1893 |...... 1,015
BeTS. . ... ... ... ... Iron....... 30 43 32 | 1916 125 150
Ravenna... .. .. .. ... 0" Iron....... 19 43 32 | 1911 49 350
Tobin.... ... ... ... ... Iron....... 30 43 32 | 1901 254 | 1,335
Warner. ... .. .. .. .00 Iron....... 9 44 33 | 1915 59 740
IRON RIVER DisTRICT:
Baker-Tully. . ...  ..... ... .. Iron....... 131 43 34 | 1909 | 285 548
Balkan... ol .ot Iron....... 13 42 33 | 1915 137 232
Baltic.... . ... . o Iron....... 7 42 34 | 1901 242 553
Bates. ... . ... il Iron....... 19 43 34 | 1915 96 850
Bengal... [ .. .l Iron....... 36 43 35 | 1913 186 280
Berkshire.................... Iron....... 6 42 34 | 1908 70 365
Caspian.... . .. .. 0000 Iron....... 1 42 35 | 1903 | 363 292
Chatham-Riverton. . . ........ Iron....... 35 43 35 | 1907 178 925
Chicagon..... .. " 110 110" Iron....... 26 |. 43 34 | 1911 [ 109 712
Cortland. ... ... .. ... .00 Iron....... 34 43 351912 [...... 405
Cottrell. . ................... Tron....... 1 42 35 | 1915 56 265
Davidson No. 1..... .. ... . Iron....... 23 43 35 | 1912 70 450
Davidson No, 2. ... [ ... .. Iron....... 14 43 35 | 1912 78 240
ogarty (see Baltic).......... Iron....... 1 42 35| 1907 |...... 365
orbes...... ... .. .......... Iron....... 14 43 35 | 1913 117 275
Hiawatha. ... ... ...... .. .. Iron....... 35 43 35 | 1893 101 | 1,029
Homer. . ... .00 " " ' 00 Iron....... 22,23 43 35 | 1915 154 350
Osana (James)..... . ........ Iron....... 23 43 35 | 1907 117 428
Dober Isabella (Riverton). . ... Iron....... 1,35.36 |42,43 35 | 1898 96 | 1,000
OBers...................... Iron....... 29 43 34 | 1914 139 330
Tully (see Baker)............. Iron....... 36 43 35| 1910 |...... 438
Virgil. ... Iron....... 24 43 35 | 1912 46 273
Wauseca. ... ... ... . .. . ... Iron....... 23 43 35 | 1910 48 398
Wickwire. ... .. . . . ... Iron....... 35 43 35 | 1911 23 313
Youngs..................... Iron....... 12 42 35 | 1905 106 575
Zimmerman. .. . ............. Iron....... 7 42 34 | 1908 178 350
GogEBICc RaNGE:
nvil. ..., .. e Gogebic 14 47 46 | 1887 4 | 1,663
Asterold...... . .. .. .. .. . . . ... Gogebic 13 47 46 | 1906 136 | 1,130
Ashland...... .. ... .. . . ... .. Gogebic 22 7 47 | 1885 150 | 1,900
Brotherton. ... .. ... ... ... . Gogebic 9 47 45 | 1886 103 | 1,157
Castile............. ........ Gogebic 10 47 45 | 1906 155 | 1,770
Colby and Ironton........... Gogebic 16 47 46 | 1884 760 | 1,314
|
Davis, Geneva, Royal, 17,18
Puritan. ........ .. .. ...... Gogebic. . .. 19,20 46 47 | 1886 398 | 1,754
Eureka...................... Gogebic. . .. 13 47 46 | 1890 240 | 1,950
Ironton (see Colby)........... Gogebic. . .. 17 47 46 | 1886 !......[......
Keweenaw........ .. ......... Gogebic. . . . 11 47 46 | 1914 116 | 1,663
Mikado..................... Gogebic. . .. 18 47 45 | 1895 65 | 1,131
Newport and Bonnie.......... Gogebic. . .. 24 47 47 | 1886 880 | 2,168
Norrie-Aurora Group. . ....... Gogebic....| 22,23 47 47 | 1884 11,845 | 1,676
alms.................... . ..| Gogebic. ... 14 47 46 | 1912 464 | 1,663
Plymouth. ... ... ... ... ... Gogebic. . .. 18 47 45 | 1916 161 *
Puritan (see Davis)........... Gogebic. . .. 17 47 46 | 1886 |......|......
Sunday Lake................ Gogebic. . .. 10 47 45 | 1885 210 | 1,391
Tilden................. PN Gogebic. . .. 15 47 46 | 1891 241 | 1,526
Wakefield. . ................. Gogebic. . .. 16,17 47 45 | 1913 452 *
ale........................ Gogebic. . . . 47 46 | 1901 116 | 1,757

*Open pit.
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1916, WITH LOCATION, OWNERSHIP, ETC.—Concluded.
5%
et
X g-;-; Operators. Address of Home Office.
Ed3
o8-
Z
11th | Bristol Mining Co............... ‘Wade Building, Cleveland, Ohio.
4th | Nevada Mining Co .............. Duluth, Minnesota.
1st | Hollister Mining Co............. 1300 Leader-News Bldg., Cleveland, Ohio.
13th | Corrigan, McKi .nney Co.......... Wickliffe, Ohio.
........ Corriga.n. McKinney Co..........| Wickliffe, Ohio.
16th | Corrigan, McKinney Co.......... ‘Wickliffe, Ohio.
14th | Hemlock River Mlnlng Co....... Cleveland, Ohio, Western Reserve Bldg.
3rd | Judson Mining Co ....| First National Bank Bldg., Chicago, Illinois.
........ Hemlock River Mini Co Cleveland Ohio, Western Reserve Bldg.
1st | Hudson Iron Mining Wickliff io.
2nd | Hollister Mining Co. 1300 Lender News Bldg., Cleveland, Ohio.
13th | Corrigan, McKinney Co.. Wickliffe, Ohi
7th | Hemlock River Mlnlng Co Cleveland, Ohlo, ‘Western Reserve Bldg.
4th | Corrigan, McKlnney Co.......... ‘Wickliffe, Ohio.
1st | Balkan Mining Co............... Cleveland, Ohio, Western Reserve Bldg.
7th | Verona Mining Co............... Cleveland, Ohlo, ‘Western Reserve Bldg.
850 L | BatesIronCo................... New York City, 25 Broad St.
2nd | Verona Mining Co............... Cleveland, O o. ‘Western Reserve Bldg.
4th | Brule Minin Co ............... 76 Wade Building, Cleveland, Ohio.
3rd | Verona Mi Co ............... Cleveland, Ohio, Western Reserve Bldg.
9th | Brule Mlnlng ................ 76 Wade Bldg., Cleveland, Ohio.
7th Munro Mining Co............... 55 Erie Co. Bank Bldg., Buﬂalo, N.Y.
4th | Wickwire Mi ng Co ............. Buffalo, N. Y.
3rd | Oliver Iron Mining Co........... Duluth, Minn., Wolvin Bl
450 L | Davidson Ore Mining Co......... 403 White Bld g Buffalo, N, Y. .
2nd | Davidson Ore Mining Co.....o.t. 403 White Bldg., Buffalo, N. Y.
4th | Verona Mining Co............... Western Reserve Bldg., Cleveland, Obio.
2nd | Jones & Laug] ln OreCo......... 3d Ave. & Try St., P ttsburg. Pa
9th | Munro Mining Co...... 55 Erie Co. Ban.k Bldg Buffalo, N. Y.
2nd | Buffalo Iron lmng Co Buffalo, N. Y., Station
4th | Mineral Mining Co. . 910 Wells Blng Milwaukee, Wis.
10th | Oliver Iron Mining Co. ‘Wolvin Bldg. uluth, Minn
1st | Munro Iron Mining Co. 55 Erie Co., Bank Bl dg Buﬂ’a.lo, N. Y.
4th | Corrigan, McKinney Co.......... chkl.lﬂe. Ohio.
2nd | Wickwire Mining Co............. Buffalo, N.
4th | Mineral Mining Co.............. 010 Wells Bldg Milwaukee, Wis.
4th | Wickwire Mining Co............. Buffalo, N.
5th | HuronIron Co.................. Iron River, M ich.
4th | Spring Valley IronCo........... ‘Wellston, Ohlo. Jackson Co.
11th | New ort Mining Co............. First National Bank Bldg., Milwaukee, Wis.
12th | Castile Mlnlng ............... 76 Wade Bldg., Cleveland, ' Ohio.
25th | Hayes Mining Co............... 808 1st National Bs,nk Bldg San Jose, Cal.
21st | Brotherton Iron Mining Co....... Western Reserve Bl Clevelmd Ohio.
17th | Castile Mining Co............... 76 Wade Bldg. Cleve and Ohio.
19th | Corrigan, McKinney Co.......... ‘Wickliffe, Oh o.
18th | Oliver Iron Mlnlng Co........... ‘Wolvin Bldg., Duluth, Minn
19th | Castile Mining Co...... ...| 76 Wade Bldg. Cleveland Ohlo
........ Corrigan, Mc mney Co Wickliffe, Ohio.
11th | Newport M First National Bank Bldg. Milwaukee, Wis.
16th | Verona Mmlng Co ‘Western Reserve Bldg., leveland hio.
19th | Newport Mining Co. First National Bank Bldg., Mllwaukee, ‘Wis.
23rd | Oliver Iron Mining Co........... Wolvin Bldg., Duluth, Minn
11th | Dunn Iron Mining Co........... First National Bank Bldg Mllwaukee, Wis.
........ Coates & Tweed.................| Duluth, Minnesota.
........ Oliver Iron Mining Co........... Wolvin' Bldg., Duluth, Min
23rd | Sunday Lake Iron Co............ Western Reserve Bldg Cleveland Ohio.
23rd | Oliver Iron Mining Co........... Wolvm Bldg.. Duluth, ‘Minn.
........ Wakefield Iron Co...............| 1300 Leader-News Bldg Cleveland Ohio
1757 L | Lake Superior Iron & Chemical Co.| Penobscot Bldg., Detrolt Mich., F. W. Blair,

Receiver.
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PORTLAND CEMENT INDUSTRY.
CLASSIFICATION OF CEMENTS.

The chief cementing materials* used 1n modern structural work
may be classified as follows: ’

Plaster of Paris, cement plaster,
Nonhydraulic cements { Keene’s cement, etc.
‘ Common lime

[ Hydraulic lime

Natural cements
1 Portland cement
L Puzzolan cement

Hydraulic cements

For a discussion of the non-hydraulic cements the reader is re-
ferred to publications 8, 19, and 21, respectively the Mineral Re-
sources of Michigan for 1911, 1914, and 1915.

HYDRAULIC CEMENTS.

Hydraulic cements have the property of setting under water. This
property is due to the formation, during the process of burning, of
~compounds of lime, silica, alumina, and iron oxide, and varies
greatly in the different cements. The last three given above are
of chief commercial importance.

Hydraulic limes.t Limes burned at a comparatively low tempera-
ture from limestone containing 5 to 10 per cent of sand and clayey
material are termed hydraulic limes. Hydraulic limes contain con-
siderable free lime in addition to the silicates, aluminates and fer-
rites formed in burning, thus they will slake, though slowly, in the
condition that they come from the kiln, and possess hydraulic prop-
erties. If the sandy and clayey material is much in excess of 10
percent, the resulting lime fails to slake without first being finely
ground and is a true hydraulic cement.

No hydraulic limes are produced in Michigan although some
strata in the Traverse formation in the northern part of the South-
ern Peninsula and in the Trenton limestone in the Northern Penin-
sula apparently have the proper composition.

Natural Cements. Natural cements are made by burning at a
m Geol. Surv., 1912, Eckel, Portland Cement Materials and Industry

of the United States.
1S. V. Peppel. The Uses of Limestone in Ohio, Bull. 4, p. 252, Ohio Geol. Surv. 1906.
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comparatively low temperature ¢(slightly above that for lime burn-
ing) an impure limestone containing over 10 per cent of siliceous
and argillaceous matter and then grinding the product to a powder.
Natural cements will not slake in the condition in which they come
from the kiln but, after grinding finely, and adding water, they will
set rapidly, either in air or under water. Most of the limestone
from which natural cements are made in the United States contains
from 13 to 35 per cent of clayey material of which 10 to 22 per cent
is silica. Natural cements are usually yellow or brown in color.
They are lower in specific gravity and set more rapidly than Port-
land cement but develop less tensile strength.

Natural cement is not made in Michigan, but certain limestones in
the Traverse formation in the northern part of the Southern Penin-
sula appear to have the necessary composition for, and possibly some
of the less magnesian portions of the Trenton limestone in the
Northern Peninsula may be found satisfactory for the manufacture
of natural cement.

Portland Cement. Portland cement is made by burning to in-
cipient fusion an intimate mixture of finely pulverized and prop-
erly proportioned argillaceous and calcareous materials with the
addition of such other substances, not exceeding 3 per cent, as may
be necessary to control certain properties, and then grinding the
resulting semi-fused mass or “clinker” to a fine powder. The mix-
ture is usually made by mixing marl or limestone and clay or shale
in such porportions that it will contain about three parts of lime
to one of clayey materials. Unlike natural cement, Portland ce- .
ment is made from carefully proportioned mixtures and is burned
at a high temperature, approaching 3,000° F., in kilns of special
design and lining. The composition* of actual mixtures ready for
burning is given in the analyses below :

1 2 3 4

. Per cent. | Per cent. | Per cent. | Per cent.
Silica (S10g). ....ovvi i 12.85 12.92 13.52 14.94

Alumnga \AlgOg).. ..o 4.92 4.83 6.56 2.66

Iron Oxide (FeyOg).......covvviiiniennn.nn 1.21 1.77 [0 et 1.10

Calcium Carbonate. . .................. e 76.36 75.53 75.13 75.59

Maguesium Carbonate. . ................... 2.13 4.34 4.32 4.64
1 "

b T PO 97.47 | 99.39 .  99.53 98.93

In burning, the lime combines with the silica, alumina, and iron
oxide, forming a semi-fused mass (“clinker”) of silicates, alumi-
nates and ferrites, in fairly definite proportions. The clinker is

*Min. Res. 1907, Pt. II, p. 483, U. S. Geol. Surv.
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ground to a powder which is Portland cement. This is of a gray
color, will set under water, is heavier than natural cements, and
will develop a higher tensile strength.

Formerly 4 per cent of magnesia was considered the maximum
permissible in the finished product but recent investigations by the
U. 8. Bureau of Standards* indicate that cements containing mag-
nesia up to 7.5 per cent, when properly made, are satisfactory.

Puzzolan Cement. Puzzolan cement is a finely ground mechan-
ical mixture of silliceous and aluminous materials, such as blast fur-
nace slag or volcanic ash, and slaked lime. The mixture is not
° burned at any stage. When finely ground, the powder will set un-
der water. Puzzolan cements are generally of light bluish color
and of less specific gravity and tensile strength than Portland
cement.

They are more adapted for use under water than in air. No Puz-
zolan cements are made in Michigan, though some of the blast fur-
naces can easily obtain abundant supplies of suitable limestone.

HISTORYT OF CEMENTS.

Ancient Cements. There seems to be no evidence that the Egypt-
ian, Greek, or Roman builders used cements of the Portland,type.
The earliest known cementing materials were common limes and
plasters, similar to those used today. The Romans discovered that
puzzuolana, a volcanic ash found abundantly near Naples, when
powdered and mixed with black lime, has hydraulic properties sim-
ilar to modern hydraulic cements. Indeed, the name Puzzolan ce-
ment has been derived from this ancient cement material. The
modern Puzzolan cement, however, is made chiefly from blast fur-
nace slag. The Romans used Puzzolan cements in many of the early
structures. In the Middle Ages, the use of these primitive cements
seems to have been forgotten and common lime mortar was the
only binding material used even in the largest buildings and
structures.

Natural Cements. Lime mortar was practically the only cement-
ing material used until near the end of the eighteenth century
when Smeaton, an English engineer, discovered that the hydraulic
properties of limes were due not to their purity but to their clayey
impurities. In 1796, Parker, another Englishman, invented a new
cement much like our modern natural cements, which he named
“Roman” cement, though it was entirely different from any cement
known to the Romans. Parker discovered that, when certain con-
cretions of clay and limy matter, which were abundant in some of

*Min. Res. U. 1914, Part II, pp. 245-246
1E. C. Eckel, Bull 522 p. 18, U. S. Geol. Surv 1913.
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the coastal formations in England, were burned at a temperature
slightly higher than that used in burning ordinary lime, the prod-
uct would not slake in water but when powdered and mixed into a
paste with water would harden not only in air but also under
water. A similar cement was invented in France almost at the
same time. These fore-runners of the modern natural cements soon
came into general use in England and France and other parts of
Europe. .

During the construction of the middle division of the Erie Canal
in New York, it was found that lime burned from a certain lime-
stone in the town of Sullivan, Madison County, refused to slake.
Canvass White, an associate engineer under Benjamin Wright, en-
gineer in charge, examined and tested both the stone and the lime
and decided that the stone was natural cement rock. Further
tests proved the correctness of his conclusion and the first Ameri-
can natural cement was used extensively in the construction of the
locks and walls of the middle division of the canal.

According to an analysis made in 1822 by Seybert, of a sample
of the stone used, the total impurities was about 15.5 per cent and
indicates that the calcined product was more a hydraulic lime tha
a natural cement. :

Theé extensive use of the cement on the canal led to further
search for other deposits of cement rock. Wright in a letter dated
in 1820, stated that this “is found in great abundance in the coun-
ties of Madison, Onondaga, and Cayuga,” thus outlining what later
became the natural cement district of central New York. In the
same letter he also makes the statement: “I do not know that it is
found in the counties west of Cayuga, but I presume from the geo-
logical character of that country it may be found in all the coun-
try west to Niagara and propably farther west.” His conclusion
proved correct for within a few years cement rock was found in
Erie county, the most western part of the state.

Within a few years of White’s discovery, the natural cement in-
dustry had begun at a number of places in New York. The indus-
try grew rapidly in the United States and furnished the cementing
material for most of the engineering works up to the close of the
nineteenth century. The industry was developed in sixteen differ-
ent states, but, it never obtained a foothold in Michigan, though the
state has an abundance of rock apparently suitable for the manu-
facture of natural cement.

Portland Cement. In 1824, Joseph Aspdin of Leeds, England,
patented a process for making a cement which he called Portland
cement, from a fancied resemblance to a well known English build-
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ing stone—the Oolitic limestone of Portland. The specifications
for his patent, though vague as to the precise proportions of the
raw materials and the temperature at which the mixture was to be
burned, gives clearly the general method of manufacturing Port-
land cement by a wet mixing and grinding process. The proper pro-
portions of the mixture and the temperature of burning were evi-
dently known to Aspdin but were carelessly or purposely withheld
from the specifications. His method tacitly specified that a pure
limestone was to be burned to lime and the lime mixed with a
definite quantity of clay. The mixture was to be pulverized in a
_wet state, dried, crushed, and then calcined in a vertical kiln. The
final step was to pulverize the product to a powder which was the
material Aspdin termed “Portland” cement.

Aspdin’s was the chief process in use until 1875 when it was
superseded by cheaper and simpler processes.

For some years the industry grew slowly in England and also
on the Continent, due chiefly to the strong adherence to the use of
natural cements and the necessarily higher price of Portland ce-
ment. Soon after 1850 the growth of the industry was much more

- rapid and Portland cement began to displace the older natural ce-
ments and gradually it became an important import into the
United States. :

"The Portland cement industry in America, however, did not
really begin until about the early seventies of the last century,
when experimental manufacturing was independently begun al-
most simultaneously in New York, eastern and western Pennsyl-
vania, Michigan and Maine. Apparently the first attempt in the
United States to manufacture Portland cement was made at Kala-
mazoo, Michigan in 1872. The raw materials were marl and clay
which were burned in a vertical kiln and the clinker ground by
millstones. The venture was a financial failure on account of the
high cost of production and the plant was abandoned in 1882.

In 1874, true Portland cement was being manufactured in west-
ern Pennsylvania from limestone and clay. There were other ex-
perimental attempts about the same time in the Hudson river dis-
trict but none of these led to any development of the industry.

The foundations of the industry, however, began in the early
seventies in the Lehigh region of Pennsylvania as a by-product of
the natural cement industry. The experiment of selecting stone
from the natural cement rock quarries, which had the proper com-
position for making Portland cement was begun by D. O. Saylor
and his associates and resulted in the production of a small though
variable tonnage of good Portland cement. Within 10 or 15 years
small plants were erected in several other localities, but the indus-
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try failed to grow in the face of competition from Portland cement
imported from England.

As would be expected, the American manufacturers followed
closely the English methods of grinding the raw materials wet,
mixing them to a paste with water, and after partially drying,
forming the mixture into bricks or balls, and charging them, often
by hand, into a vertical kiln for burning. After burning, the kilns
were unloaded by hand and the clinker ground by millstones, a
most laborious and expensive process. In England, labor was very
cheap and fuel expensive; in America, labor expensive and fuel
cheap. To adjust the industry to the conditions in this country,
the American cement manufacturers overcame the excessive labor
costs by introducing the rotary kiln and modern grinding machin-
ery. These changes, especially the first, revolutionized the industry

~and gave to it an impetus which has made possible its present
great development.

The Rotary Kiln. The Ransome patents taken out in 1885 im
Great Britain and in 1886 in the United States are the bases from
which the modern rotary kilns have been directly developed. The

" modern rotary kiln consists essentially of a slightly inclined steel -
cylinder lined with fire brick and arranged to rotate. As the kilm
rotates the raw mixture is fed into the upper end and travels slowly
by gravity to the lower end where it falls out as burned clinker.
The fuel,—gas, petroleum, or powdered coal,—is blown in at the
lower end, the flame traversing the length of the kiln.

At South Rondout, New York, it was discovered that mixed and
ground materials could be charged into the kilns without wetting,
thus eliminating a step from the older process. The discovery that
naturally wet materials,—marl and clay, could be successfully
charged into the kilns without preliminary drying was made in
1891 at Montezuma, New York. Thus originated the two principak
methods now in use, the dry process used with limestone or cement
rock, and the wet process, with marl. The dry process is the most
economical and is almost universally used except in Michigan
where most of the early plants and more than half of the present
plants are using marl and so the wet process.

The Ransome kiln was designed to use producer gas but petrol-
eum was the fuel used in the first kiln successfully operated in the
United States and was the principal fuel used for a number of
years. In 1895, powdered coal was substituted for petroleum and
was a very important step in the development of manufacturing
practice. This is now the standard fuel used in this country, ex-
cept in the regions where natural gas and petroleum abound. Pow-
dered coal is used in all of the Michigan plants.




NON-METALLIC MINERALS. 123

The next most important development in the rotary kiln was its
increase in size, particularly in length. By 1903, the rotary kiln
had been standardized to a length of 60 feet and, with dry mater-
ials, had a rated capacity of 200 barrels of cement per day. About
this time the Edison plant demonstrated that a nominal lengthen-
ing of the kiln greatly increased its capacity and a rapid lengthen-
‘ing began about 1905 until most of the kilns installed now are be-
tween 100 and 150 feet in length and there are in use a considerable
number over 150 feet, and a few from 225 to 250 feet in length. At
present no standardization of the kiln is in sight. Some of the
larger kilns now in use have a capacity of over 800 barrels per
day. . R

The success of. the rotary kiln is attested by the fact that foreign
Portland cement makers with cheap labor and high fuel costs have
not been able to compete in American markets with the American
manufacturers with cheap fuel and high labor costs.

Development in Michigan. As stated in a previous paragraph,
the first attempt to manufacture Portland cement in the United
States was made in 1872 at Kalamazoo, marl and surface clay be-
ing the raw materials used. The attempt was given up a number of
years later on account of the excessively high cost of production.

No further attempt* was made to manufacture cement in Michi-
gan until the Peerless Portland Cement Company was organized
at Union City, Branch county, August 23, 1896. The first kilns
were vertical but these were replaced by modern rotary kilns in
1902. This company is still in operation but a new plant with 84-
foot rotary kilns was built in 1911 to replace the old one destroyed
by fire. In 1897, the Bronson Portland Cement Company built a
plant at Bronson, Branch county, and a year later, the Coldwater
Portland Cement Company now the Wolverine Portland Cement
Company was organized, plants being built first at Coldwater and
later at Quincy. All of these plants used marl and clay or shale.

The “boom” years of the Portland cement industry in Michigan
were between 1899 and 1901, twenty companies being organized in
this period for the manufacture of cement from marl. Some com-
panies made very elaborate plans but never reached beyond that
stage. Only ten reached the productive stage and but five of these
are now in operation. Since 1896, thirty-five different Portland
cement plants have been projected or built in Michigan. Twelve
are now in operation and one building. '

The following is an annotatedf list of all the Portland cement
plants built or projected in Michigan:

*C. W. Cook, Pub. 8, Geol. Ser. 6, Mineral Resources of Michigan for 1911, p. 838.

1C. W. Cook, Cement, pp. 347-350, Pub. 8, Geol. Ser. 6. Mineral Resources of Mich-
igan for 1911, Mich. Geol. & Biol. Surv.
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TABLE 1.
Capital
Name. Location. stock and | Process. Raw materials.
bonds.
Aetna Portland Cement Co..| Fenton.......|........... Wet..... Marl and clay.......
Alpena Portland Cement Co..| Alpena....... $500,000 | Dry..... Limestone and clay. .
Bellaire Portland Cement Co.{ Bellaire. .. ... |[...........|[... ... ... ... ... ...
Burt Portland Cement Co. . .| Bellevue...... Not Inc...| Dry..... Limestone and shale.
Bronson Portland Cement Co.{ Bronson... ... 500,000 | Wet. .... Marl and shale......
Chamite Cement and Clay
Product Co............... Bronson... ... [P Wet..... Marl and Shale... ...
Clare Portland Cement Co...| Grant to Clare
. Co......... 1,000,000 | Wet..... Marl and shale......
Coldwater Portland C. Co. . .| Coldwater. . 300,000 | Wet..... Marl and shale......
Detroit Portland Cement Co.| Fenton....... 1,000,000 | Wet. .... Marl and clay.......
Eagle Portland Cement Co...| Xalamazoo...|........... Vertical
. kilns. ..| Marland clay.......
ﬁ{% ian Portland C. Co....| Fenton....... 1,650,000 | Wet..... Marl and clay.......
E ortland Cement Co....| Elk Rapids. .. 500,000 Origlnally Originally marl and
shale; later limestone.
Elk Cement and Lime Co....| Elk Rapids. .. 750,000 Dry. ..... Limestone and shale.

® El Cajon Portland C. Co....| Alpena...
Farwell Portland Cement Co.| Farwell. ... 525,000 |.......co]iiiiiiiii
German Portland Cement Co| White Pigeo ,000 | We Marl and clay
Gt. Lake Portland C. Co Charlevolx,...[........... e |iiiiiii
Gt. Northern Portland C. Co. Marlborough 5,000,000 | We Marl and clay .
Hecla Cement and Coal Co. .| Bay City... ,000,000 | Wet. .| Marl and clay.......
Hecla Portland Cement Co...| Bay City.....|........... Dry..... Limestone and clay..
Hecla (The) Co............. BayCity.....| .......... Dry...... Limestone and clay..
Huron Portland Cement Co..| Alpena....... 2,000,000 | Dry..... Limestone and shale.
Logan Portland Cement Co..| Fenton.......}........... Wet..... Marl and clay.......

Lupton Portland Cement Co.| Lupton.......

Marl and clay.......
Millen Portland Cement Co..| Chelsea. .. ...

Marl and clay.......

Michigan Portland C. Co. ...| Gray Village.. Marl and clay.......
Michigan Portland C. Co....| Coldwater....| 2,600,000 [.......... [ cccvirurenrrnennns
Michigan AlkaliCo......... Wyandotte. . . Caustic soda and
refuse and shale. ..
New Aetna Portland C. Co...| Fenton....... Marl and clay.......
New Bronson Portland C. Co..| Bronson...... Marl and shale......
New Egyptian Portland C.Co.| Fenton....... Marl and clay.......
Newaygo Portland C. Co....| Newaygo..... Limestone and shale.

Omega Porttand Cement Co..| Mosherville. ..

Marl and clay.......
Peerless Portland Cement Co. Union Clty. ..
ty

Marl and shale.

Peninsular Portland C. C. . Cement C . Marl and clay. . .
Petoskey Portland C. Co....| Petoskey..... Limestone and shale.
Pyramid Portland C. Co.. .. Spring Arbor.. Marl and clay.......
Standard Portland C. Co. ...| Lakeland..... Marl and clay.......

Standiford Portland C. Co...| Athens.......
Three Rivers Portland C. Co.| Three Rivers..
Toledo Portland Cement Co..| Manchester...
Twentieth Century P. C. Co.| Fenton.......
Wayne Portland Cement Co.| Brighton.. ...
‘Watervale Portland C.Co. . .|..............
‘West German Portland C. Co. Lima........

Marl and clay.......
Marl and clay.......
Marl and clay.......
Marl and clay.......
Marl and clay.......
Marl and clay .......

‘White Portland Cement Co. .| Chelsea. .. ...

Y Marland clay.......
Wolverine Portland C. Co...| Coldwater. . Marl and shale.....
Wolverine Portland C. Co...| Quincy..... Marl and shale.....

Wyandotte Portland C. Co...| Wyandotte. . -
ry....| Limestone and clay..
Zevith Pertland Cement Co..| Grass Take...| 1,000,000 | Wet. .. .. Marl ard eloy
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TABLE I.—Cdm{inued.

Rated

Fuel.| of Size. capa- E!ggloy- Remarks.
kilns. city. i
Coal 8 6’x 60’ 1,000 (........ Successor to Detroit P. C. Co. See new Aetna
Portland Cement Co.
Coal 6 |...... . ... 1,000 |........ Has not operated in two years.
....................................... Plant never buiit.
Coal 8 63’ x 60/ 2,000 |........ Began producing September, 1905.
Coal. 10 [ceeuninnnn 1,000 |........ See Chamite and Clay Products Co.
Coal. 10 {...oovvnn.. 1,000 |........ Successor to the Bronson Portland Cement Co.
' e New Bronson P. C. Co.
............................... I........| Plant never built.
Coal |....cufevini e e See Michigan Portland Cement Co.
Coal. - 2 I 1,000 |........ See Aetna Portland Cement Co.
Coke 4 ... 100 |........ Suspended operations about 1882.
Coal 9| ... 1,200 |........ Plants ordered sold by the courts. No opera-
tions for two years.
....................................... See Elk Cement and Lime Co.
Coal 1570 PN 1,000 |........ Suc:essor to Elk Rapids Portland Cement Co.
Receivers appointed Jan. 4, 1911.
....................................... Plant never completed.
....................................... Plant never completed.
....................................... Never pr beyond the newspaper stage.
Coal.|......]ccevviiii] i, Plant dismantled.
Coal.|......]ccovvveeeiii o, See Hecla Portland Cement Co. .
Coal [......[cccvvviii]oeiiifonnne, Successor to Hecla Cement and Coal Co. See
Hecla (The) Co.
Coal [ 2 N N I Successor to Hecla P. C. Co. In hands of
receivers. Future operations doubtful.
Coal 7 8/x 110’ | 5,000 |........
Coal [...... ] .o iiiorieii]onas Successor to Twentieth Century Portland
Cement Co. Plant never built.
Coal.|......[c.coovviii]oenn o, Plant never built.
[0 ) - I R [ (S Successor to the White P. C. Co. See Mich-
igan Portland Cement Co., Gray Village.
Coal 3 8’x 125’ 1,200 |........ Successor to Millen Portland Cement " Co.
Began operations July 13, 1911.
....................................... Successor to the Coldwater Portland Cement
Co. See Wolverine Portland Cement Co.
....................................... See Wyandotte Portland Cement Co.
Coal 8 6’ x 60’ 1,100 |........ Successor to the Aetna Portland Cement Co.
Coal 10 f...ooeintn. ,000 |........ Successor to the Chamite Cement & Clay Prod.
Co. New company has never operated.
Coal 9 5’ x 80’ 1,300 |........ Successor to Egyptian P. C. Co. in 1914,
Coal 8 [ 6’x 90’ 2.250 New company incorporated June 16, 1911.
Coal 5 1 9’x 180’ '500 """ 0ld capital stock and bonds, $3,000,000.
oal | 5 |........... 0 500 |........
Coal 9 6}’ x 84/ 1,800 |........ Originally a vertical kiln plant.
Coal 3 9’ x 205’ 1,800 |........
Coal [......0............ 2,000 }........ Plant projected.
Coal |......0..ooi i e Plant never built. Marl lands now owned and
operated by Peerless Portland Cement Co.
Coal [......[..oovvvvi]oeniiiie e Plant never built.
Coal [......]- v Plant never built.
08l [......] oo Plant never built.
Coal |......]. ... oo Plant never completed.
Coal |......]ceveiiiii]ee et Plant never built. See Logan Portland C. Co.
Coal |......0... ..ol Plant neyer built.
Coal [......] .o Plant never built.
P P [ Plant never built.
Coke|......[...ooovvnn.. See Millen Portland Cement Co.
Coal 3 8%’ x 225’ Successor to Michigan Portland Cement Co.,
Coal 7 6’ x 120’ Coldwater.
Coal 3 7’x 100’ Successor to Michigan Alkali Co.
Coal |......|....covvvnt Plant never built.
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Figure 4. Geological map showing location of Portland cement plants and principle
i\regs in wl}ich occur deposits of limestone and shale suitable for use in making Port-
and cement.

Legend : Cambrian,—Cis = Lake Superior sandstone ; Ordoviciap,—Ob = Beekman-
town or ‘Calciferous’” sandstone, Ot. = “Trenton” limestone, Oc = Cincinnati shales;
Silurian,—Shs — Hendricks series. Sfi = Fiborn limestone, Sms = Manistique
series, Sed — Engadine dolomite, Sm = Monroe formation, Sum = Upper Monroe
dolomites, S8 = Sylvania sandstone, Slm = Lower Monroe dolomites; Devonian,—
Das = Antrim shale, Dt = Traverse formation, DIl = Dundee limestone; Mississip-
pian,—Mcs = Coldwater shale, Mgr — Grand Rapids group; Upper Carboniferous,—
Ccem = Coal measures.
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Improvements in Grinding. In the early days of the industry,
the cracker and millstones formed the chief grinding machinery
but these have been replaced by larger and more efficient reducers
—the gyratory crusher, which is used almost exclusively for the
first stages in reduction, and the ball and tube mills for the fine
stages of grinding, though there appears to be a tendency to return

to some of the modified earlier types, such as the Griffin and the
Huntington mills.

RAW MATERIALS.

According to Eckel*, Portland cement is an artificial product
of relatively definite composition, containing approximately 60 to
65 per cent of lime, 20 to 25 per cent of silica, and 5 to 12 per cent
of iron oxide and alumina.

Three general stages in manufacture are necéssary in forming
this product, viz., (1) intimate mixing of raw materials of proper
physical and chemical composition and in the proper proportion;
(2) burning of the raw mixture at a high temperature (about
3,000° F.) until it forms a semi-fused mass or clinker; and (3)
grinding of the clinker to a fine powder, which is the Portland ce-
ment of commerce.

There are three general classes of raw materials required in
making Portland cement, viz.,, (1) cement materials proper—lime-
stone; cement rock, marl, shells, clay, shale, etc., used in making the
raw cement mixture; (2) fuels—coal, oil, or gas, used for burning
the mixture and furnishing power; and (3) fluxes and retarders—
gypsum, lime chloride, alkalies, fluorite, etc., added at different
stages of manufacture to secure certain properties in the finished
cement.

The ordinary raw cement mixture, when normal natural raw ma-
terials are used, usually contains about 75 per cent of calcium car-
bonate, (CaCO,) 20 per cent of silica (SiO,), alumina (Al,O,) and
iron oxide (Fe,O,), and 5 per cent of magnesium carbonate, alka-
lies, sulphur, and other unnecessary substances.

Formerly 4 per cent was considered the limit of magnesia in the
finished cement but recent investigations by the U. S. Bureau of
Standardst, show that the magnesia may be 7.5 per cent or even
more, if the cement is properly made.

*Bull. 522, 1913, Portland Cement Materials of the United States, p. 40.
tMin. Res. U. 8., 1914, Part II, Cement, pp. 245-246.
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Raw Materials Used.

" Theoretically almost any combination of calcareous and siliceous
argillaceous materials, which will give a composition within cer-
tain prescribed limits can be used in making Portland cement but
in actual practice only those materials which naturally, or with a
minimum amount of labor give the proper mixture and are abund-
ant and easily accessible, are used. In most plants, limestone,
chalk, and marl furnish the calcium carbonate; and clay and shale
or slate, the silica and alumina. At some plants the lime material
is the chemically precipitated calcium carbonate waste from alkali
works, and at others the silica and alumina are in the form of blast
furnace slag. The chief combinations of materials now used in
the United States are (1) argillaceous limestone (cement rock)
and high calcium limestone, (2) hard high calcium limestone and
clay or shale, (3) marl and clay or shale, and (4) slag and high
calcium limestone. The first two are much the more important, al-
though the last is rapidly increasing in importance.

Since the limestone resources of Michigan are largely in the
northern part of the state, and marl deposits are abundant in
‘many localities, nearly all of the early cement companies in Michi-
gan planned to use marl and clay or shale and, at the present time,
eight of the twelve operating plants are using these materials and
produce most of the marl and .clay or shale cement made in the
United States. The fuel costs are higher and the kiln capacity is
lower when marl is used and this has caused one of the companies
to use limestone. Were suitable limestone deposits available in the
southern” part of the state, doubtless other marl using companies
would use limestone.

Marl.

The term marl is sométimes used in a loose sense to mean an in-
definite mixture of clay and calcium carbonate, but from the stand-
point of the cement manufacturer it refers to the nearly pure de-
posits of finely divided calcium carbonate found in the bottom of
lakes, or beneath marshes, formerly the sites of fresh water lakes.
Marl deposits are due largely to the work of organic agencies, both
vegetable and animal, but the former is by far the most important.
Certain algae, notably chara fragilis, common in many of the lakes
of Michigan, are active agents in precipitating calcium carbonate
from the water. Mollusca, generally of very small size thrive in
the carbonated waters of marl lakes and shells of these organisms
locally form from 5 to 10 per cent or more of marl deposits. All
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of the marl deposits in Michigan are of recent origin and in many
of the lakes the process of marl formation is still going on.

There are two chief varieties of marl in the state, the white and'
the gray, but no sharp line can be drawn between them. The gray
color is due in some places to an admixture of organic matter not
found in the white variety. When wet, marl resembles a white or
gray mud, but when dry, due to more or less cementation, it be-
comes a loosely aggregated friable mass. Marl generally contains
considerable organic matter, sand, and clay. Magnesian carbonate
is another impurity and this, though present generally in small
amounts, usually from 145 to 3 per cent, may exceed 5 per cent or
more. The various impurities in many marl deposits makes them
unsuitable for use in making cement. '

More than one hundred marl deposits (see Fig. 5), each above 50
acres in extent, and with an average depth of at least 10 feet, have
been discovered in the Southern Peninsula of Michigan and prob-
ably this is less than one-fourth of the total number in the Penin-
sula. Some of the deposits are very large, the areas varying from
500 to over 1,000 acres the marl having an average depth of 20 feet
or more. Numerous marl deposits are also known to exist in the
Northern Peninsula. Twenty-two counties in the state contain de-
posits of marl with as estimated total area of 27,000 acres.

Owing to injurious impurities, unfavorable operating conditions,
lack of transportation facilities, and distance from markets, suit-
able clays and shales, and cheap fuel supplies, many of the deposits
cannot be developed for the manufacture of cement under present
conditions. It will be many years, however, before the easily ac-
cessible high grade marl reserves are exhausted.

The composition of various marls now or formerly utilized for
cement is given in the following tables: ~

17
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*ANALYSES OF MICHIGAN MARLS, NOW OR

Locality. Analyst. Si0s | Al;Os Fe:0; | CaCO
Bronson Branch Co............ W. H. Simmons. .... 1.975 |...... 1.57 |...... 49.%
Coldwater, Branch Co.......... E. D. Campbell..... 0.52 | 0.51 {...... 0.53 51.
Fenton, GeneseeCo............ **C. W. Cook....... 1.13 |...... 0.44 |......0.......
Mud Lake, Genesee Co......... E. D. Campbell..... 0.48 ( 0.17 |...... 0.51 52.28
Four Mile Lake, Washtenaw Co.| E. D. Campbell..... 6.66 | 3.17 [...... 1.36 47.09
Cobbs Lake, Hillsdale Co....... E. D. Campbell..... 0.20 { 0.50 {...... .60 .12
Union City Branch Co......... A. Lundteigen....... 1.951...... 1.10 |...... 52.25
Goose Lake, Lenawee Co. . ..... J.G.Dean.........[ 0.22 |...... 0.76 {...... 51.56
Spring Arbor, Jackson Co....... Delos Fall.......... 0.58 [ 0.76 |......|......J.......
Great Marl Lake, Newaygo Co..| Notgiven.......... 1.24 (...... 0.80 [......0.......
ANALYSES OF MARL DEPOSITS,
Locality. Analyst. SiO: | Al:Os | FesOs CaCO
Grayling Lake Crawford Co...| R. C. Kedzie.......... 45.16
Lupton, Ogemaw Co. . ... Lathbury & Spackman. 52.97
Mills’ Lake, Ogemaw Co......| Lathbury & Spackman. 50.43
Pleasant Lake, St. Joseph Co..| Lathbury & Spackman. 51.28
Runyan Lake Livingston Co. .| E. D. Campbell....... 52.66
Wetzel Lake, Antrim Co...... E. D. Campbell. ...... 51.93
‘White Pigeon, St. Joseph Co..| H. A. Huston......... 51.00
Zukey Lake................. E. D. Campbell. ...... 52.60

*I. C. Russell, Portland Cement Industry in Michigan, 22d Ann. Rept. Pt. ITI, p. 650-651

U.8.G.8.
**Min. Res. Mich. for 1911, P 341.
J{

Figures in italics co

mputed from analyses as reported.
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FORMERLY UTILIZED FOR CEMENT MANUFACTURE.

CaCOs| MgO | MgCO, | SO, | 058,00 | Organic Remarks.

87.92 | 0.44 0.9210.16 |........ 7.50 | New Bronson Portland C. Co., Bronson.
92.25 | 1.37 2.87 [ 0.89 [........0........ ‘Wolverine Portland C. Co., Coldwater.
91.29 |...... 4.58 |Trace |........ 1.90 | Egyptian Portland Cement Co., Fenton.
93.25 | 1.85 3.88 | 0.55 45.72 |........ New Aetna Portland Cement Co., Fenton.
84.09 | 1.77 3.72 [ 1.25 |...... .| it Michigan Portland C. Co., Gray Village.
89.50 | 0.83 1.74 | 0.58 45.86 |........ Omega Portland Cement Co., Mosherville.
93.32 |..... oo 42.40 |........ Peerless Portland Cement Co.; Union Cy.
Marl formerly used, but now exhausted.
92.07 | 1.26 2.63 |...... 46.20 |........ Peninsular Portland C. Co., Cement City.
94.75 | 0.99 |........ 0.63 |........|........ Average analysis of 25 borings at Sprin
Arbor. Jackson Co., Marl now utilize:
b]y Peerless Portland Cement Co. at
Union City.
90.90 |...... 297 ... e 4.07 | Marl formerly used by Newaygo P. C. Co.,

Newaygo. Company now uses limestone
and shale, the first shipped in from
'I;etggkgy and the second from Sec. 26,

PROSPECTED, BUT NOT UTILIZED.

) Loss on
CaCOs | MgO | MgCOs | 804 | igpition. Oreanic Remarks.
79.86 | 0.32 0.67 | 0.56 43.10 5.69 | Also K30=0.37; Na;0=2.65; P:0s=0.01

Mich. Agr. Expt. Sta. Bull. 99, 1893.

94.68 | 1.13 2.837 1 0.08 45.49 |........ Prospectus of Lupton Portland C. Co.
90.07 | 1.26 2.66 |...... 47.08 |........ Hecla Portland Cement and Coal Co.
91.67 | 177 |..ooi]l 45.60 [........ Three Rivers Portland Cement Co.
94.00 | 1.75 3.67 | 0.38 42.44 (........ Near Fenton.
92.76 | 1.15 2.41 1 0.034( 44.25 (........
91.09 | 1.02 2.14 |...... 40.C8 4.C1 | Prospectus German Portland Cement Co.
93.92 | 1.79 2.76 1 0.58 |........ 0 00 Standard Portland Cement Co.
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Figure 5. Map of known marl deposits in the Southern Peninsula of Michigan. The
number shown is probably less than one-fourth of the total number. Ada%ted from Plate
XLV, Cement Industry in Michigan, Pt. III, 22d Ann. Rept,, U. 8. G. 8.

Limestone.*

Michigan has enormous limestone resources, but much of the
limestone is high in magnesium carbonate and is thereforé not suit-
able for the manufacture of Portland cement. Moreover, most of
the easily accessible deposits of high calcium limestone are located
in the northern part of the Southern Peninsula or in the eastern
half of the Northern Peninsula far from large markets and cheap

*For a more complete discussion of the limestone resources of Mlchlﬁn see_Pub. 21.

Geol. Ser. 17, Mineral Resources of Michigan for 1915, pp. 101-312, Mich. Geol. and
Biol. Surv.
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fuel supplies. The only important deposits of high calcium stone
in the southern part of the state are at Sibley, Wayne county, Belle-
vue, Eaton County, and possibly near Dundee, Monroe county.

The principal formations containing limestone sufficiently pure
to be used for Portland cement are the Bayport limestone of the
Upper Mississippian, the Traverse formation and the Dundee lime-
stone of the Devonian, and the lower portion of the “Niagara” of
the Silurian. ‘

Bayport Limestone. The principal exposures of the Bayport
limestone ‘occur near Bayport, Huron county; at several places in
Arenac county; at Bellevue, Eaton county, and at many places in
Jackson county. Many of the beds in the Bayport are very cherty
or sandy and cannot be used for the manufacture of cement. At
Bellevue, the main bed is very pure and is extensively quarried by
the Burt Portland Cement Co. for making cement. Near Omer,
Arenac county, it is utilized for burning chemical lime and it is
suitable for the manufacture of Portland cement, but the known
beds of high grade limestone in Arenac county are thin and of
limited extent, or are associated with sandy and cherty limestones
and sandstone. With more careful exploration probably other de-
posits of pure limestone will be discovered in this county. At Bay-
port an upper bed, averaging about 90 per cent in calcium carbon-
ate was formerly burned for hot lime but this bed is now exhausted.
Most of the other beds are very cherty, sandy, or high in magnesium
carbonate and not suitable for making cement.

In Jackson county, the Bayport limestone occurs as large scat-
tered masses buried in the drift and forms the capping on many
of the rock hills. The deposits thus far discovered are either too
sandy or magnesian or appear to be too small to warrant develop-
ment for cement manufacture. It is possible that with more care-
ful exploration deposits of sufficient size and purity will be found.
The Bayport is underlain by calcareous shale and argillaceous
limestone of the Michigan series but between the two there is a
conglomerate composed of pebbles of limestone, dolomite and sand-
stone with a shaly matrix. The shale, where the conglomeratic
zone is thin, could be utilized with the overlying limestone.

The following analyses are fairly representative of the purer
phases of the Bayport limestone:



MINERAL RESOURCES OF MICHIGAN.

134

"AIng ‘[01g Pus "[03D YOI ‘S63-¥6Z ‘683-882 ‘LL3-¥.% "dd ‘SI6T 107 "YOI 'Sy "UIW ‘LI "I98 '[03D) ‘I "qQnd 938 ouojsowl| 10dARg Jo s3SL[eUB I3YI0 IO«

|
3 _ g ong |
9D "WId, 1, oI 1 A
:wv-o . .—W .Wo—a..—mcm: ‘S °'N ¥e ¥S €000 | 96° 96 88°0 0s$°2 UBIYPOIA * Tt 0D uosyouf N Ul 9 ‘UOSYOR(
pagsfuing ‘jeuy -sajdures ccdmm,
. ‘SI6T ‘0D
‘we) piid
98°2¢ |eomay | 8°76 9z 1 ¥L'T UBSIUOIIN | ©* 0D UOSHOBCL JO *f "N TW [ ‘suued
‘quug v 'y £q paioajiod |
s9dweg ‘0D ‘w_R) ‘pPrd Mg
‘£11enb jo Jpis 1583 UO AIB] “UOIINL "ATuf) _
300}-g1 woy} apdures ajisodwo)) | 6L €Y 36’0 | €80T H 8L° V6 6G°1 95°¢ squeg ‘D g | o 0D uoyBy ‘Inadfeg
g - m |
£q pa3aTIo0 mwaEdm -L11en! _
[ISUUO(IOJN 'SBf Ul paq 100j-¢ WOIN AU ‘0D D8ULIY ‘IOWQ JO "H ‘N
Jo doj w0y} ojdwes 9jsodwo) | 98°1¢ 8L¥°0 00°1L €9°26 <1 8L°¥% sjueq "D "4 _ TP TA"NG6I LT 998t 'A'S
|
‘SyIBwWay oD O3 | *O0D3IN | 00®D | 0%V  f0%dA 2018 "18Areuy

‘ANOLSIWIT (ATIIAXVI) LYOJAVH J0 SASXTVNVs



NON-METALLIC MINERALS. 135

The “Niagara” limestone underlies a broad belt in the Northern
Peninsula extending from Garden Peninsula in southeastern Delta
county eastward along the lake shore to Drummond Island, Chip-
pewa county. It is widely exposed in many localities. The upper
part of the formation, the Engadine dolomite and the Manistique
series, is composed almost entirely of dolomite and heavy magnesian
limestone. The lower part of the formation, the Hendricks series,
including the Fiborn limestone, is largely high calcium and low
magnesian limestone.

The Fiborn limestone is by far of most economic importance, be-
cause of its large exposures and high average purity. It is ex-
posed or near the surface in several areas from a point five miles.
north of Whitedale, Schooleraft county eastward to a point about
nine miles east of Trout Lake Junction, Chippewa county, a dis-
tance of about sixty miles. The principal areas of exposures are five
- miles north of Whitedale and in the vicinity of Blaney quarry,
Schoolcraft county; about two miles north of Huntspur, about one
mile west of Gould City, four miles north of Engadine, in the vicin-
ity of Hendricks and Fiborn quarries, and three miles west of Trout
Lake, Mackinac county; and in the vicinity of Scotts’ quarry about
nine miles east of Trout Lake, Chippewa county. Other exposures
probably occur elsewhere especially on the eastern part of Drum-
mond Island. The deposits are very large, quarrying conditions
exceptionally favorable, and the stone of excellent quality for
cement manufacture, but the deposits are situated far from large
markets, and cheap coal fuel supplies and most of the deposits are
remote from beds of suitable clay or shale.

Known exposures of the lower beds of the Hendricks series are
few and apparently of limited extent excepting perhaps the eastern
part of Drummond Island. It is probable that further search will
reveal the presence of other more important exposures.

The following analyses are typical of the composition of the Fi-
born limestone: :
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Dundee Limestone. The Dundee limestone forms a belt in the
northern part of the Southern Peninsula, skirting the shore of Lake
Michigan and Lake Huron from McGulpins Point, Emmet county,
southeast to Presque Isle, Presque Isle county, and also underlies
the surface in a narrow belt from two to nine miles wide from the
eastern part of Wayne county southeast through Monroe and Lena-
wee counties into Ohio. It is essentially a true limestone formation,
containing no dolomite and only a relatively small amount of mag-
nesian stone except near the base of the formation. Generally it is
composed of gray to buff or brown bituminous granular limestone,
locally with cherty horizons. Some of the beds are remarkably pure,
containing from 97 to nearly 99 per cent of calcium carbonate but
some of the beds, especially near the base ¢ontain from three to over
20 per cent of magnesium carbonate.

Unfortunately the formation is extensively exposed or near the
surface only in the northern and northeastern part of the Southern
Peninsula far from manufacturing centers. Several relatively un-
important exposures occur in the northern part of Emmet and Che-
boygan counties in the vicinity of Mackinaw City, at McGulpins
Point west of the city, and along the lower course of Mill Creek
four miles southeast. Very large exposures occur in the vicinity of
Rogers, Adams Point, and Trout Lake, Presque Isle county. Other
exposures occur elsewhere in the eastern part of the county. Near
Rogers, the Dundee limestone forms a high ridge for two or three
miles along the lake shore and a.plateau on Adams point peninsula.
The Michigan Limestone and Chemical Company of Rogers City has
opened the largest quarry in the world in the eastern end of the
ridge at Calcite about two miles east of Rogers. The average®* of
cargo analyses as shipped by the company for the season of 1914 gave
97.38 per cent calcium carbonate and only 1.81 per cent of magnes-
ium carbonate. The Dundee in the northern part of the state is
practically free from chert or siliceous impurities. The general high
average purity of the stone makes it very suitable for use in cement
manufacture.

In the southeastern part of the state, the Dundee limestone is ex-
posed only at Sibley, Wayne county, at Dundee, and at the mouth
of the Macon river two miles northeast of Dundee, Monroe -county.
Elsewhere it is deeply buried by drift. The exposures are of the
lower and apparently more magnesian portion of the formation.
Much of the stone is too magnesian for use in cement manufacture.
Chert is also abundant at some horizons in these deposits.

The following analyses may be taken as fairly representative of
the composition of the Dundee limestone in various portions of the
state:

*C. D. Bradley, General Manager of the Michigan Limestone and Chemical Company.



MINERAL RESOURCES OF MICHIGAN.

(HL)

* ‘d pd $8°1 | 98'¢€ ¥ €9 00°S6 ; %0 18°0 ) ,
"yoIq3 "3 8 01 ") L "D PRy e8| OV LI 6V €V 09°2LL | 9¢°0 82°¢ | ‘1319w . 0/) A0JUON
WIIYY Ul 9 'Y ¥ 01 YV d P3| I8°¢ | 0911 ¥9°8¥ 0898 | g1 0. o1t | Yoy ‘v o A118nb U0OBIN 10 KouBNIN(IY;)
‘do], 'V ped | 8¢'€ ! L8'9 88°0¢ 08°06 | 91°0 8%°0 ;
I
199} 0¥%—¢¢ _ T ALY ¥4 23S ¥4°26 | 99°0 €9°C |
‘193] GG-EE ¥ | 90°6 GE9¥ oL'28 ; 660 ¥ L
"193) €€-L3 _ L] eL'ST 8S 2V 66°GL gL' O 9’8
"199) LZ-Gc |” ‘9|1 20 V1 8 <¥ I18°18 ! 96° [ 12°¢ “fayqig 0D
199} 430G |- ‘T | T8V 9% c¢ 92°€6 . 611 gL' - ¥ yainyy) , , ‘307))
“193) 0%3-91 - 9 89°¥V1 ¥y Sy 80° I8 ' 681 6¢°C ‘A103eI0GR] [ °0)) duABp ‘Aiamnb Aoy
"139] 9101 967 TH 20° LY 66° €8 9°1 LS
199} 01-¢  !” ‘¥ 1206 06 8% 9z L8 28’1 06°1
199) ¢ do, ! ‘¥, GL'8 11 6% €9° LY 29°1 861
o N ' "YIIIN "AJUQ)
100} 7z wouj didures Jysoduioy - 1001 ' 11'z | veee | 63°¢6 £2°0 91 |eueg D W | * 07y umAKOqaIL) ‘N30 (1IN
foprwmeyy . _ . . ! . . o .
123} ¥3 ©1 90-0 090 wm " “vwvm wwmm o1 -0 Mwm Crueamtox | 07) A%f ANbwal] S0y
_ | i
) | .
- tHQ - e . H P ¢ P ‘Kone -K1zenl .
suTmay 0S  OSIN f0OSIN | O®D | 008D fOAV 004 0 | 0 hieuy 1t0b 10 UopBXY

"ANOLSANIT I3dN1A 40 SASATVNY



NON-METALLIC MINERALS. 139

Traverse Formation. The Traverse formation is a series of lime-
stones and blue shales, generally calcareous, with a heavy shale, the
Bell, at the base. Some of the beds of limestone are very pure but
many contain considerable percentages of alumina, silica, or mag-
nesia. The interbedded shales and also the Bell shale are generally
very calcareous. Locally there are coral reefs, which are of great
purity. A large number of exposures occur in Alpena, Presque Isle,
Cheboygan, Charlevoix, and Emmet counties and quarries are
operated at Charlevoix, Bay Shore, Petoskey, Afton, Alpena, and
Rockport. Only at Alpena and near Petoskey, however, is limestone
quarried for the manufacture of cement. In the quarry of the Mich-
igan Alkali Co., at Alpena, some of the beds are very shaly and the
Huron Portland Cement Co. utilizes the refuse stone, i. e., stone too
small or too shaly for other purposes, for the manufacture of Port-
land cement.

In the vicinity of Petoskey and Bay Shore, much of the limestone
is too high in magnesia to be used for making cement but some of the
purer beds west of Petoskey are quarried and the stone sold to Port-
land cement companies for this purpose.

The Petoskey Portland Cement Company was organized in the
spring of 1917 and plans are under way for the erection of a modern
plant on the largest developed area of hlgh calcium stone in the Pe-
toskey region.

The quarry of the Great Lakes Stone and Lime Company at Rock-
port, Alpena county, has been opened in some high calcium beds di-
rectly above the Bell shale at.the base of the Traverse formation.
The association of shale and low magnesian limestone coupled with
a means of cheap water transportation make very favorable condi-
tions for the establishment of a cement plant. In the quarry of the
Charlevoix Rock Products Co., near Charlevoix such geologic condi-
tions exist, a 10 foot bed of soft blue shale forming the floor of the
quarry. ‘ '

In general it may be stated that the Traverse formation contains
an ‘enormous amount of high calcium limestone suitable for making
Portland cement.

The following table of analyses shows the variable composition of
the Traverse limestones:
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Shales and Clays.

Suitable shales for use in cement manufacture occur in the “Utica”
shale, the Cincinnati series, the Traverse, Antrim, and Coldwater
formations, the Michigan series, and the Coal Measures, but, at
present, shales from only the Antrim, Coldwater, and Michigan
_series are utilized in making cement. The surface clays are gen-
erally too sandy for this purpose. '

“Utica” shale and Cincinnati Series. The so-called Utica shale
and the Cincinnati series form a belt extending northeast from
Green Bay, then curving eastward to St. Mary’s river. The Utica
is exposed only along the bed of the Whitefish river in Delta
county and apparently there are but few places where quarryable
conditions are favorable. The shale is black and very bituminous.
Though no analyses are available, it is probable that the shale is
suitable for cement manufacture.

The Cincinnati series is extensively exposed on the west side of

the peninsula between Little and Big Bays de Noe. Where exposed:

it is very calcareous, and contains beds of limestone. Twenty-six
samples of stone from a bluff near Stonington, Delta county, were
analyzed by Prof. Koenig of the Michigan College of Mines and the
.content of calcium carbonate varied from 32 to over 66 per cent.
~ It is possible that the beds of calcareous shale and argillaceous
limestone in the vicinity of Stonington may be adapted for the man-
ufacture of cement with a minimum admixture of pure limestone.

Traverse Shales. The Bell shale generally 50 to 80 feet thick
forms the base of the Traverse formation. It underlies the surface
in a narrow belt along the outer margin of the Traverse formation.
It is soft, generally very calcareous, and in the northern part of the
state contains thin beds of limestone. On account of its soft char-
acter it generally underlies valleys and has few exposures. It is
exposed near Bell, Presque Isle county and forms the floor of Grand
Lake. Probably it underlies the surface at shallow depth north-
west of Grand Lake and in other places in Presque Isle county.
The Bell forms the lower part of the bluff in which the Great Lakes
Stone and Lime Company have opened their quarry at Rockport,
Alpena county. The occurrence of shale and high calcium lime-
stone together and near water transportation makes very favorable
conditions for the manufacture of cement. A bed of shale similarly
forms the floor of the Charlevoix Rock Products Co., Charlevoix,
Charlevoix county.

At the Huron Portland Cement Co., Alpena, Alpena county, in-
terbedded shale furnishes a part of the necessary siliceo-argillace-
ous material.
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No analyses of the Bell shale or of the interbedded shales of the
Traverse are available.

Antrim Shale. The Antrim shale underlies a broad arcuate belt
stretching northeast from Manistee county to Cheboygan county
and then southeast to Thunder Bay and into Alcona county. It is
exposed at numerous points in Charlevoix, Emmet, Cheboygan, and
Alpena counties. In southeastern Michigan the Antrim is deeply
buried under drift. The more important deposits are near Nor-
wood, Ellsworth, East Jordan, Boyne Falls and Walloon Lake
Junction, Charlevoix county, and at Paxton, Alpena county. Num-
erous exposures of Antrim shale are reported to occur in the south-
ern part of Chegoygan county. Except at the top and where weath-
ered, the Antrim shale is generally black and very bituminous and
locally contains numerous concretions of iron carbonate and no-
dules of pyrite. The Newaygo Portland Cement Co. at Newaygo,
Newaygo county, obtains its shale from a deposit near Ellsworth
in section 26, town 32 north, range 8 west, Antrim county. Other
exposures of this shale which belongs to the upper blue portion of
the Antrim, occur in the vicinity of Ellsworth. At Norwood the
shale is black and very pyritic and forms strong bluffs along the
lake shore for a half mile or more. Exposures of high calcium
limestone, occur about one and one-half miles north of the village.
The occurrence of suitable shale and limestone in close proximity
and on water transportation routes makes a very favorable con-
dition for the location of a Portland cement plant at this place.

The Huron Portland Cement Co., of Alpena, obtains its shale
from a quarry at Paxton, 10 miles west of Alpena, Alpena county.
The shale is brownish black with some blue streaks and contains so
much bituminous matter that great care must be exercised in dry-
ing to prevent its taking fire. According to Mr. W. M. Smith,
Chemist for the company, the average content of volatile matter is
over 13 per cent and some strata contain over 18 per cent. Other-
wise the shale is said to be very satisfactory for making cement.
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Coldwater Skale. The Coldwater shale underlies several thou-
sand square miles of the surface in the Southern Peninsula but it
is exposed or is at shallow depth only in a few places in Branch,
Huron and Sanilic counties. It is generally from 800 to 1,000 feet
thick and is largely blue shale, but it contains sandy horizons and
true sandstome. Locally there are many concretions of iron car-
bonate.

Large deposits of Coldwater shale occur near Union City, Cold-
water, and Bronson, Branch county. The Wolverine Portland Ce-
ment Co., obtains its shale from a deposit near Coldwater, and the
Peerless Portland Cement Co., from a quarry near Union City. The
Bronson Portland Cement Company at first obtained its shale from
a shallow mine near Bronson in the same county, but later used
surface clays obtainred from northern Ohio. Excellent but unde-
veloped exposures of the Coldwater shale occur along the shore of
Lake Huron from Forestville, S8anilac county to White Rock, Huron
county. Where the overburden is not excessive, it is probable that
the Coldwater shale could be readily mined.

The range in composition of the shale at Union City and Cold-
water is shown by the following analyses:

19
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Michigan Series. The Michigan Series is composed of greenish
shales, some very calcareous, argillaceous limestones, and beds of
gypsum. Some of the shales have the proper composition for use
in cement but others are too high in soluble salts. At Bellevue,
the Burt Portland Cement Co. utilizes greenish blue shale, and a
very argillaceous limestone beneath the Bayport limestone. The
composition of the shale is shown below: '

ANALYSIS OF SHALE FROM BOTTOM OF CEMENT QUARRY

Analyst. SiOe 1 AlO; FexOy CaO MgO

C.H.Denman.................. 59.40 l 11.05 | 3.45 13.45 2.00

Similar shale underlies the exposures of Bayport limestone north
of Jackson near the mouth of the Portage River, Jackson county.

Coal Measures. The Saginaw formation or Upper Coal Measures
contains an abundance of shale, though locally very sandy, but
many of the beds apparently would be suitable for use in making

cement. According to Ries® there are three general types of shales
" in the Coal Measures: first, a light gray, sandy, shaly clay, popu-
larly called “fire clay”; second, a black, fine grained, brittle shale
with dull luster, sometimes called “cannel coal”; and third, a dark
grayish black, fine grained, hard, yet brittle shale. The first is low
in alumina (see Anal. No. 1) and iron and of doubtful use for ce-
ment manufacture under present methods. The second, on ac-
count of the high content of bituminous and carbonaceous matter,
would probably require more or less careful manipulation. The
last type is associated with coal seams in Saginaw and Bay coun-
ties and is quarried at Corunna, Shiawassee county, and Flushing,
Genesee county for the manufacture of paving brick. Some of the
shale at Corunna is used by the Portland Cement Co, near Fenton,
Genesee county for the manufacture of cement. Similar shales are
mined near Bay City for making paving brick. The following
analyses show that most of the shales in the Coal Measures are
lower in silica than is considered desirable for use in making Port-
land cement under present practice but further investigations may
develop methods for the satisfactory use of such shales in the man-
ufacture of cement.

*Geol. Surv. Mich. Vol. VIII, Pt. I, 1900, pp. 25-38.
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. *ANALYSES OF SHALES OF THE COAI. MEASURES.
Constituent. 1 2 3 4 5 6 7
N AR AR E o el b
um 3. . . .

Ferric oxide, FesO3 )1 "3le2| “3.50 93| 818 }2“ 90 | 31.43 | 27.02
Calcium oxide, CaO........|........ 1.05 {.oovniifennnnn.. 1.12 .22 .52
Calcium carbonate, CaCOs.. . 30 (... 1.82 P N I R PI,
Magnesium oxide, MgO.....[........ 1.69 [........feeennn. .96 1.58 .90
Magnesium carbonate,
Sod e NG 2.61 |..... 0| 1.06 1.47 (..o feeinai]inens

um oxide, NagO........[........ .
Potassium oxide, K20.......|........ 2.20 f 4.37 2.76 ) @ ™
Alkalies, K20, NazO........ 215 | e e
‘Water and organic matter...( 21.82 5.51 9.10 9.76 6.47 7.44 | 23.11

Total................. 100.00 | 100.00 | 100.00 | 100.00 96.58 95.60 | 92.93
Fluxes............ocovvtnn 8.68 |....... i e
FeO.....oviviiiiniaaonaais 1.57 b U A O S .

1. BSo-called “fire clay’”’ from Standard Mine, Saginaw.

2. Fme-gained black shale from Flushi Genesee county; Geological Survey of Michigan,
Vol. VIII, Pt. 1, 1900, p. 30. Analyst,

3'and 4. Shales associated with coal at Bay Cny. ibid., pp. 35-36. Analyst, A. N. Clark.

5, 6, and 7. Coal mines at Bay City. Analyses furnishe by the Hecla Portland Cement
and Coal Company. Analysts, Lathbury and Spackman.

Surface Clays.

The surface clays according to Riest are of three general classes,
—drift clays, lake clays, and river silts. The first are always cal-
careous except where leached at the top and generally contain sand,
pebbles and boulders, and are very variable in composition. Locally
lime concretions are scattered through the clays. On account of
the sand, pebbles, and concretions, drift clays generally are unsuit-
able for cement making. '

Lake clays occur in great abundance along the eastern margin
of the state from Alcona county south to Ohio and in a number of
localities near Lake Michigan. In the Northern Peninsula, large
areas in Ontonagon, Chippewa, and southern Houghton counties
are covered with heavy deposits of pinkish lake clay. The lake
clays are characteristically fine-grained, generally calcareous and
almost entirely free from coarse grit. The content of alumina and
iron, however, is generally low in proportion to the silica and this
makes them not well adapted for cement making according to pres-
ent practice.

*I. C. Russell, The Portland cement industry in Michigan, 22d Ann. Rept., pt. IIT, p. 670,
U. 8. Geol. Surv.
{Geol. Surv. Mich. Vol. VIII, Pt. I, pp. 42-68.
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ANALYSES OF LACUSTRAL* CLAYS.

Constituent. 1 2 3 4 5 6
.............................................. 1.51 |........
Silica, S8i0g. ...l 49.75 49. 66.49 47.75 46.40 | 61.62
Alumina, AlgOg..................... 13.06 14.50 9.87 17.60 16.4 { 17.20
Ferric oxide. FeOs...oocvvvvvvnnnnn, 5.31 5.37 4 .87 9.13 5.99
Calcjum oxide, CaO................. 10.86 9.75 4.72 (Lol 5.62
Calcium cn.rbonate, [07:1010 7 N P A N 2.60 25.36 |......
Magnesium oxide, MgO............. 4.28 | . 4.77 1.22 {oevenen ] 2.82
Magnesium carbonate, MECOs. . .....[.ccvvve]eenrenei]ennnnnns .70 4.30 [......
Sul huric anhydrlde, SOs...cvvvivii]einnennn .13 B2 [ .46
ium oxide, NagO................. ? ? ? 2.21
Potassium oxlde, KO...oovivviiint ? ? ? e AR A
Water, HiO. . ..........covviiin, 115.07 | t15.55 19.36 22.01 7.00 | 15.34
Total............oovviviinn, 99.13 99.25 98.66 | 100.00 99.46 | 99.00

’rLoss on ignition,
From near Chelsea, Washtenaw County Analvsls by E. D. Campbell.
2. From near Fenton, Genesee Count, Analysis by E. Campbell.
3. From near Farmington, Oakland ount, nalysis by E. D. ampbell
900 From aear Saginaw. Analysis by H. eis: Geol. Survey Michiga.n, Vol. VIII, Pt. I,
1
Il)‘rom near Wyandotte: used in cement making by the Michigan Alkali Company. Analy-

sis bv O. Button
6. Sault Ste Marie. Analysis by E. D. Campbell.

~

The river silts found along the margins of streams are generally
too sandy for use in cement manufacture. Generally the deposits
of silt are too small and thus far they have not been used for mak-
ing cement.

GYPSUM.

Generally from 1 to 2 per cent of gypsum is added to Portland
cement clinker before grinding to regulate the time of setting of
the cement when mixed with water. The effect of gypsum is to
lengthen the time before the cement begins to harden, or “to ac-
quire its initial set.” The gypsum (See Gypsum) is purchased from
the various gypsum companies located near Grand Rapids and
@Grandville, Kent county, and at Alabaster, Iosco county.

FUEL.

All of the cement plants are now equipped with rotary kilns and
ccrushed coal is used for burning the clinker. Most of the coal is
obtained from Ohio, and West Virginia. @ Saginaw Valley coals
have been used to a limited extent only as they are generally of
lower average grade than the coals from the above mentioned
states.

The coal or coke is ground to a fine dust, 98 per cent of which
will pass through a 100-mesh sieve. The dust is blown into the
lower end of the kilns by an air blast and upon ignition it pro-

*I. C. Russel, The Por
1. 8. Geol. Surv.
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duces a flame reaching the length of the kiln. The cement mixture
is introduced at the opposite end and by the time it has reached the
lower end of the rotating kiln it is burned to clinker. This is
stored in large bins and later ground in pebble mills.

GROWTH OF INDUSTRY.

Less than 1,000,000 barrels of Portland cement were made in the
United States in 1895, a little more than a fifth of the present pro-
duction of .Michigan. With the successful introduction of the
rotary kiln in 1890, the present era of concrete construction was
inaugurated. Growth from 1895 to 1907 was phenomenal, the pro-
duction in the latter year nearly reaching 48,000,000 barrels. The
financial depression of 1907 caused a temporary check, but growth
was resumed the following -year and continued almost uninter-
ruptedly up to 1916 when the maximum of 91,521,198 barrels were
produced.

In 1898 the production in Michigan was only 77,000 barrels but
the next year it leaped to 343,566 barrels, and-in 1901 it passed the
million mark. Though hampered by low prices and keen competi-
tion the industry has maintained a relatively steady growth to
the present time. The maximum production of 4,919,023 barrels
was attained in 1916. This was a gain of 10.03 per cent over 1915.
Both shipments and total value also were greater than in any pre-
vious year, the shipments being 5,151,818 barrels valued at $6,-
017,911 as compared with 4,727,768 barrels in 1915, valued at $4,-
~ 454,608. The average price per barrel was $1.168 or $.224 more
than in 1915. This is the highest price obtained since 1907.

All of the companies reported very prosperous conditions in 1916
and it is almost certain that 1917 will be the greatest year in the
history of the industry. '
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, SALT.

Both the quantity and the value of salt produced in Michigan
i in 1916 were greater than in any previous year. The total produc-
tion in 1916 was 14,918,278 barrels valued at $4,612,567 as compared
with 12,588,788 barrels in 1915 valued at $4,304,731. This repre-
:’ sents a gain of 2,329,492 barrels or 18.5 per cent in quantity and
$307,836 or only 7.3 per cent in value. The relatively small gain in
| value was due to the lower average price of $3.09 per barrel or
; $.033 less than in 1915.
I' From 1880 to 1892, Michigan held first rank in production in the
| United States. In 1893, New York gained first rank and held it
| continuously, with the exception of the year 1901 until 1905 when
- Michigan again took the lead and continued first excepting in the
" two years 1910 and 1911 when New York led by a narrow margin.

With the exception of 1910, Michigan has also held first rank in
. value since 1908.

. Thirty years ago the center of the salt industry was in Saginaw
Valley, chiefly along Saginaw River from Saginaw to Bay City.
'The industry was carried on in connection with the lumber mills
.land waste steam and fuel from the mills were utilized by more than

|a hundred lumber concerns in evaporating natural brines which

rwere obtained from the Upper Marshall sandstone at depths vary-
lng from about 600 feet in Saginaw to nearly 1,000 feet in Bay

Flty With the decline of the lumber industry in Saginaw Valley

he salt industry became relatively unimportant. In 1915 and 1916

mly 3.6 per cent of the total output of the state was produced in

his district.

The war has revived the industry through the great demand for
romine from abroad. Under present conditions salt is manufac-

red rather as a by-product of the bromine industry. The

tal output for 1916 in this district was 561,164 barrels valued at

59,539.

The chief salt producing districts are in eastern Michigan along
the Detroit-St. Clair rivers and in western Michigan at Ludington
and Manistee. In these districts, artificial brines are used for the
manufacture of salt. The brine is obtained by forcing water
thirough casings down to rock salt beds and then back to the sur-
Il face. Rock salt is mined by the Detroit Rock Salt Co. at Oakwood,
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a suburb on the west side of Detroit. The salt is obtained from a
20 foot bed at a depth of about 1,040 feet. The salt is shipped to
large cities for curing fish, meats, and hides, for the manufacture
of ice cream and for general refrigeration purposes. Over 96 per
cent of the state output of salt for the last three years came from
these two districts.

The salt industry in Wayne county has made a most remarkable
growth. Salt was first produced in this county in 1895, the output
for that year being 13,077 barrels. In 1906 the production ex-
ceeded 1,000,000 barrels and in 1916 it was 9,041,650 barrels valued
at $1,210,125 or 13.34 cents per barrel. Much of the salt produced
in Wayne county is in the form of brine which is used in the man-
ufacture of soda ash, bleach, caustic, etc., and this accounts for
the low average value per barrel. The Solvay Process Co., at
Delray, the Michigan Alkali Co., at Ford City and Wyandotte, and "
the Pennsylvania Salt Co., at Wyandotte, use great quantities of
brine in the manufacture of these products.

In St. Clair county, the chief salt producing centers are Port
Huron, St. Clair, and Marine City. The output of St. Clair county
in 1916 was only 2,469,443 barrels or 16.6 per cent of the state out-
put, yet the value was $1,950,098 or 41.6 per cent of the total value
for the state. The exceptionally high value for this county is-due
to the fact that much of the salt produced is of the better grades,
44.4 per cent being table and dairy salt.

In the Manistee-Ludington district, salt is made at Manistee and
Filer City, on Manistee Lake, Manistee county, and at Ludington,
Mason county. In this district, the salt industry is still largely
carried on in connection with the lumber industry, waste steam
and waste fuel being utilized for evaporating artificial brines. This
district produced 2,861,736 barrels of salt valued at $1,188,805.
This is equivalent to 19.2 per cent of the total quantity and 25.8
per cent of the value for the state. Most of the product is packer’s
salt, i. e,, common fine and common coarse.

The Marshall brines especially near the center of the state con-
tain appreciable amounts of bromine and relatively large percent-
ages of calcium chloride. In the early days of the salt industry,
the bitterns or “mother liquors” left after the precipitation of the
salt by evaporation, were thrown away. The bitterns were dis-
covered to be rich in bromine and calcium chloride and many salt
and chemical plants began the recovery of bromine, chiefly in the
form of bromide, and also of calcium chloride. Competition with
German bromine and bromine products drove the price so low that
the recovery of bromine was abandoned by all of the salt manufac-
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turing concerns, though it was still extensively produced by the
Dow Chemical Co. at Midland, Midland county. The great de-
mand and high prices for bromine and bromine chemicals, caused
by the war has revived the industry, bromine being recovered at
Midland, Midland county, Saginaw, and at St. Charles, Saginaw
county. Michigan produces more than half of the bromine made
in the United States. .

Calcium chloride is recovered as a by-product of the salt industry
at Mt. Pleasant, Isabella county, and at Saginaw and St. Charles,
Saginaw county. It is also produced on a large scale as a waste pro-
duct by the soda ash plants in Wayne county, but, as it is not an
original constituent of the brine, its value is not included in the
statistics of the salt industry.

The rock salt occurs in the Salina formation of Silurian age.
There are three known rock salt areas, one in southeastern Michi-
gan, a second in Alpena and Presque Isle counties, and a third in
Mason and Manistee counties. South of the line from Muskegon
through Kalamazoo to Trenton, Wayne county, no rock salt has
been found, though wells have penetrated completely through the
rock salt bearing formation at many places. The area of rock salt
in southeastern Michigan so far known extends from Trenton,
Wayne county, northeast along Detroit and St. Clair rivers into
western Ontario. The total area known to be underlain by rock
salt in southeastern*Michigan and western Ontario is several thou-
sand square miles. The rock salt area extends northwest from De-
troit River to and beyond Romulus and Dearborn in Wayne county,
and Royal Oak in Oakland county but how far the salt area con-
tinues in this direction is unknown, since there are no wells north-
west of these places deep enough to reach the salt bearing horizons.
The aggregate thickness of the salt beds at Royal Oak and Dear-
born is greater than to the southeast along Detroit River, thus in-
dicating a considerable extension to the northwest of these places. -
In southeastern Michigan, the salt beds are very numerous and
some of them very thick. There is an upper, thick, and apparently
persistent bed from 60 to 125 feet in thickness and a lower very
thick and continuous bed having a maximum thickness of over 350
feet, though it probably contains partings of dolomite or shale. The
average aggregate thickness of the salt beds along Detroit and St.
Clair rivers is about 400 feet, but at Royal Oak and Dearborn 609
and 556 feet of salt respectively were penetrated and at the former
place the bottom of the Salina apparently was not reached.

In Alpena and Presque Isle counties, the salt area while undoubt-
edly very large is of unknown extent. Rock salt was struck at
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Onaway, Grand Lake, and Alpena in great quantities, and the great-
est aggregate thickness of rock salt yet penetrated in Michigan or
Ontario, Canada, is at Onaway, Presque Isle county. A test hole
drilled for oil at this place penetrated over 800 feet of rock salt in
a section of 1,200 feet. The lowest bed is 225 feet in thickness, and
perhaps is to be correlated with the thick bed in the Detroit river
region. At Grand Lake salt beds aggregating over 300 feet in thick-
ness were penetrated in a deep well without reaching the bottom
of the rock salt formation.

In the Manistee-Ludington district, the salt beds are few and
thin. In the vicinity of Manistee only one bed is known. This has
a thickness of 20 to 30 feet. At Ludington, however, four beds re-
spectively 20, 12, 7, and 5 feet in thickness have been penetrated
in some wells.

The depth to the first salt bed in southeastern Michigan varies
from a minimum of 730 feet at Detroit to 1,500 and 1,600 feet at
Port Huron and St. Clair. The depth at Alpena, Alpena county is
about 1,270 feet; at Grand Lake, 1,284 feet; and 1,630 feet at Ona-
way, Presque lsle county. '

The total area of the rock salt districts in Michigan is unknown
but it is undoubtedly several thousand square miles and present
evidence, though not conclusive, indicates that the three known rock
salt districts are but parts of the same great rock salt area.
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PRODUCTION AND VALUE OF SALT IN MICHIGAN AND UNITED STATES,

$Includes production of Hawai
1914.

f

1860-1916.
Michigan production. Michigan.
T e I -
. Production. of total. | & alue.
Year. State Salt | U. 8. G. S.t =
Q“t;"{)']tsity' Inspectors.* Qua,ntity, 11\4;:11- x| Michigan. | pany | Price,
. Quantity, bbls. gan. | gg Value. | bbl.
bbls. 1<}
PR 30 T P FE PO N P
125,000 |......ccvviifeneenn] e e e
243,000 |......oiiifiiiini i e e e e
466,000 |........... ] i e e e e
529,073 |....covvniifinii e iiee e eleeeenes
- 477,200
407,997
474,721
555,690
561,288
621,352
728,1
724,481
821,346
1,026,970
1,081,856 1
l 482 729 1
997 1
1 855 '884 1
,058.04-0 2
2,676,588 | 2,485,177 | 41.69 1 2,271,931 |....... 0.75
2,750,299 |............ 44 .35 1 2,418,171 |....... 0.85
3,037,317 3,037,317 47.36 1 2,126,122 |....... 0.70
2,894,672 2 894,672 | 46.74 1 2,344,684 |....... 0.81
3,161,806 3,161, 1806 48.53 1 2,392,648 |....... 0.767
3,297,403 | 3,297,403 | 46.84 1 2,967,663 |....... 0.900
3 667, 257 3,667,257 47.58 1 2,426,989 |....... 0.661
,309 3,944,309 49.17 1 2,291,842 |....... 0.581
3 1866,228 | 3,866,228 | 47.99 1 2,261,743 |....... 0.585
3,846,979 | 3,856,929 | 48.17 1 2,088,909 |....... 0.541
3,838,637 3,838,632 43.72 1 2,302,579 0.600
3,927,671 3,966,748 39.52 1 2,037,289 0.513
3,812,504 3,829,478 32.81 1 , ,963 0.523
1893 | 11,897,208 | 3,514,485 | 3,057,898 | 25.70 | 2 888,837 0.287
1894 | 12,968,417 3,138,941 3,341,425 26.53 2 1,243,619 0.375
© 1895 | 13,669,649 3,529,362 3,343,395 24 .46 2 1,048,251 0.315
1896 | 13,850,726 3,336,242 3,164,238 22.89 2 718,4 0.229
1897 15,973,202 3,622,764 3,993,225 24.99 2 1,243,619 0.313
1898 | 17,612,634 4,171,916 5, ,564 29.88 2 1,628,081 0.311
1899 | 19,708,614 4,732,669 7,117,382 36.14 2 2,205,924 0.309
1900 | 20,869,342 4,738,085 7,210,621 34.55 2 2,033,731 2 0.282
1901 | 20,566,661 5,580,101 7, ,641 37.58 1 2,437,877 1 0.328
1902 | 23,849,231 4,994,245 8,181,781 34.10 2 ,535,823 2 0.188
1903 | 18,968,089 4,387,982 , ,542 22.65 2 1,119,984 2 0.260
1904 | 22,030,002 5,390,812 5,425,904 24.62 2 1,579,206 2 0.309
19056 | 25,966,122 5,671,253 9,492,173 35.24 1 1,851,332 2 0.196
1906 | 28,172,380 5,644,559 9,936,802 36.31 1 2,018,760 2 0.203
1907 29,704,128 4,298,463 | 10,786,630 35.39 1 2,231,129 2 0.208
1908 | 28,822,062 6, ,073 | 10,194,279 35.34 1 2,458,303 1 0.241
1909 | 30,107,646 6,055,661 ,966, 33.10 1 2,732,556 1 0.274
1910 | 30,305,656 5,597,276 9,452,022 31.18 2 2,231,262 2 0.236
31,183,968%. . ..| 10,320,074 33.10 2 2,633,155 1 0.255
10,946,739 32.84 1 2,974,429 1 0.277
11,528,800 33.52 1 3,293,032 1 0.285
11,670,976 33.92 1 3,299,005 1 0.283
12, ,788 32.93 1 4,304,731 1 0.342
14,918,278 |........ 1 4,612,567 1 0.309
B 3 T I 236,724,878 |........ .1998,815,061 |.......|.......
*Office of State Salt Inspector abolished in 1911.
1In cooperation with the Michigan Geolozical Survey after 1909.

and Porto Rico, 1909-1913, 1915-1916 and of Porto Rico in
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PRODUCTION AND VALUE OF SALT IN MICHIGAN BY GRADES, 1906-1916

Packers
Talde and dairy.
Year. Cocaon Sre Common coarse.
Quantity. Valoe.
Quantity. Value Quartity. Valoe.
*  Barrels. Barrels. Barreis.
1908 509 .905 365 2.927.478 &£757.470 2.021.287 $618.727
357 857 . 500 392,641 3.601.270 914.154 1.743.840 471.378
1905 R4 452 626y 647 3.454.062 968.617 2.020.956 610.286
1900 5%5,370 732,997 3.530.313 1.125.095 2.153.719 647 .878
1910 TH,434 M5 653 2,216 151 T34 528 1.992 465 596.301
1911 517,456 742.702 2.362.005 695 .23 2.070.745 45,7
1912 W05 .93 920.752 2.225.337 645 692 © 2.056.492 835,67
1913 1.028 060 1,037,402 2.704.936 852.135 2.259.164 896,521
1914 1 (y2 344 1.025.164 2,665 959 911.016 2.380.378 870.715
1915. 1.233,117 1,420 .352 3.096.644 1.1581.337 2.265.352 1.001,167
1916 1.305,950 1,461,055 3.,109.857 1.221,901 2.133.600 1,064, 7
Packers. Other, rock, etc. Brine and other. *
Yesr. ;
: 1
Quantity. Value. Quantity. | Value. Quantity. Value.
Barrels , Barrels i ' Barrels.
H .
1906 . 91,008 $33,733 1. ........... L S © 4,387,043 $246,462
1907, . 119,459 48,453 ' ........................ ' 4,664,552 235,729
1908, . 134,726 . 53,869 (............;.. ... ' 3,991,083 205,084
1909. .. .| 93,357 | 3,983 |............ e 3,648,395 185,051
1910. .. ., 92,4 ' 43,942 | ... ... Lol i 4,104,934 211,317
11,0 105,401 ' 45,421 576,595 ' $181,865 | 4,387,772 219,244
1912, .. .1 223,866 84,638 763, 50, | 4,737, 236,
1913. .. 50,557 ' 25,371 727,364 | 244,172 | 4,756,779 237,431
1914. . t 1 712,530 | 252,024 | 4.816,735 240,
19156, . t 1 919,735 321,354 : 5,073, 380,491
1916, . t ; 1 1,012,942 368,022 ! 7,365,927 506,
— i
| Total
1
Year. ,
{ Quantity. Value.
- - |
Barrels.
T 9,936,802 $2,018,760
IO e e e 10,786,630 2,062,357
L 10,194,270 2,458,303
DL 9, ,744 2,732,556
D 9,452,022 2,231,262
i, ..., PE I I I PPN 10,320,074 2,633,155
D 2 10,946,739 2,974,429
D P 11,528,800 3,293,032
I 11,670,976 3,299,005
L I ,588,788 -4,304,731
JO0 . e P 14,918,278 4,612,567

*Iirine only after 1910.
tHeu common fine and common coarse after 1913,
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GYPSUM.*

From 1868 to 1890, the annual production of gypsum in Michi-
gan never reached 70,000 tons; the production in the.latter year,
however, attained the maximum of 74,877 tons. The maximum
value of gypsum and gypsum products was attained in 1883, the
value being $377,567. The growth of the industry began in 1890.
The output reached 139,557 tons in 1892 but the financial depres-
sion throughout the country during 1892-3 disorganized the in-
dustry, the production decreasing in 1895 to only 66,519 tons, or
less than half that in 1€92. From 1896 to the present, the growth
has been almost uninterrupted reaching the maximum production
of 457,375 tons in 1916, valued at $1,066,588. This represents a
gain in amount and value over 1915 of 67,384 tons, or 17 per cent
in amount and $380,290 or 57 per cent in value. The large gain in
value is due largely to war conditions.

In the early days of the gypsum industry, four-fifths of the raw
gypsum was ground into land plaster and from 1869 to 1887 more
than half of the gypsum mined was ground into this product. With
the more general use of patent fertilizers, the demand for land
plaster has more or less gradually decreased so that the produc-
tion in 1916 was only 9,072 tons as compared with the maximum of
44,972 tons in 1873.

The growth of the gypsum industry is due largely to the inven-
tion and introduction into the building trades of gypsum plasters,
plaster board, fire-proofing, calcimines, and other gypsum prod-
ucts. Since 1887, the grinding of land plaster has become relatively
insignificant in comparison with the manufacture of building prod-
ucts. In 1916, the value of land plaster was only $16,6568 as com-
pared with $975,626 for calcined products.

The most important of these products is mixed wall plaster. In
1916 this product was valued at $668,795, or 62.7 per cent of the
total value of raw and calcined products for the state. Stucco is
next in importance with a value of $279,597, or 26.2 per cent of the
total value. The value of these two products is practically 90 per
cent of the total value for the state.

In 1916, five mines, two quarries and eight mills were in opera-
tion. One mill was abandoned at Grand Rapids but another was
erected by the United States Gypsum Co., at Detroit. Five mines,
one quarry and six mills are located at Grand Rapids, Kent county,
one quarry and mill at Alabaster, Iosco county, and one mill at
Detroit. At least three, and probably four, gypsum beds are

*For a more comﬁlete report on the gypsum industry of Michigan, see Pub. 19,
Geol. Ser. 16, Min. Res. of Mich. for 1914, Mich. Geol. & Biol. Surv.
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worked in Kent county. The two upper beds at Grand Rapids, re-
spectively 6 and 12 feet thick, are near the surface. Formerly
these were quarried but, because of the heavy overburden and water
troubles which were increasing with the progress of quarrying the
quarries have given place to mines. In the western part of Grand
Rapids a third bed about 22 feet thick with a parting of shale one-
feet thick near the center occurs about 60 feet below the surface.
At Grandville an upper bed, about 11 feet thick is directly over-
lain by sand and gravel and is separated below from a 14-foot bed
of gypsum by about four feet of hard limestone. These two beds
may-be equivalent of the 22-foot “split” in West Grand Rapids. The
upper bed was formerly quarried but, because of heavy overburden
and water the quarries have been replaced by mines opened in the
lower bed. Numerous explorations show that there are several
other minable gypsum beds in the Grand Rapids-Grandville dis-
trict. .

In the Alabaster district the upper gypsum bed, which is exten-
sively quarried at Alabaster is from 18 to 23 feet thick. Test holes
north of Alabaster show the presence of a number of deeper gypsum
beds, 5 to 25 feet thick.

In the vicinity of Turner, Twining, and the deserted village of
Harmon City, Arenac county, a bed of gypsum, called the Turner
~ bed occurs 50 to 100 feet above the Alabaster bed. Locally, as in
the vicinity of Turner, this bed is of minable thickness.

Gypsum beds occur on St. Ignace Peninsula and on St. Martins
and other adjacent islands. Test holes in the vicinity of St. Ignace
are reported to show beds of gypsum totalling 60 feet in thickness,
three of the beds being 9, 13, and 21 feet thick respectively.

Available data indicates the presence of seven quarryable beds
of gypsum in this district, but locally it is probable that water will
be troublesome.

Gypsum was quarried near Pt. Aux Chenes as early as 1850. On
account of various troubles, chief of which were water and a
scourge of smallpox, the quarry was operated only intermittently
for a number of years. Finally, when an ice-floe carried away the
dock, the quarry was abandoned.

Thick gypsum beds are reported by well drillers in the vicinity
of Ionia, Ionia county, and Cass City, Tuscola county, and beds 6
to 12 feet thick are known at comparatively shallow depths at
Bellevue, and Eaton Rapids, Eaton county. In brief, the gypsum
deposits of Michigan may be said to be practically inexhaustible.
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PRODUCTION OF GYPSUM IN MICHIGAN, 1868-1916.
Gypsum Rank.
Ground 7
into land | calcined g4 oryqe | Total
Year. into production.| Total value. —_——
p'll_‘aster. plaster. Tons. Tons.
ons. Tons. %‘l'&n' Value
Before 1868. 132,043 14,285 [.......... 146,328 $671,022 |........|........
868 ,83 244 ... 35,081 165,298 1........|........
29,996 7,355 |....... ... - 37,351" 178,824 (........|........
31,437 ,246 | .. .. ... 39,683 191,718 |........l..... ...
41,126 8,694 |.......... 49,820 234,054 |........|........
43,536 10,673 |.......... 54,209 .259,524 ... .. ..]|.... .
44,972 14,724 [.......... 59,696 297,678 ... ... ... ...
39,126 14,723 ... ..., 53.849 274,284 [........|........
27,019 0,914 {.......... 37,933 195,386 |........|........
39,131 11,498 |.......... 50,629 248,504 |........]........
40,000 9,819 [.......... 49,819 238,550 |........ . .0vunn
,000 8,634 (.......... 48,634 229,070 |........[........
43,658 9,070 |.......... 52,728 247,192 [...... .0 .
49,570 18,929 |.......... 68,499 349,710 |........ ... ...,
33.178 20,145 |.......... 53,323 293,872 |...... .. . e
37,821 24,136 |.......... 61,957 344,374 |........ ... ...,
40,082 28,410 |.......... , 49 377,567 |........ .. ...,
27,888 27,959 |.......... 55,847 335,382 |........0..c0unnn
28,184 25,281 [.......... 53,465 802 |l
29,373 27,870 [.......... , 74 308,094 |........|........
28,794 30,376 |.......... 59,170 329,392 |........ |
22,177 35,125 |.......... 57,302 347,831 |........0........
19,823 ,800 |.......... 56,623 353,869 [........[........
12,714 47,163 15,000 74,877 09 | |eeee. .
15,100 53, 11,000 ,700 223,725 |.... .o feeen.n
14,458 77,599 47,500 139,557 306,627 |........| 000 .
16,263 ,32 31,000 124,590 303,921 |........| ...t .
11,982 47,976 20,000 79,958 189,620 |...... I PO
,003 51,028 6,488 66,519 174,007 |........|. .00
6,582 60,352 7 67,634 146,424 |........|........
7,193 71,680 16,001 94,874 193,576 |..... R senren
13,345 77,852 1,984 93,181 204,310 [......00fevuvnnns
17,196 88,315 39,266 144,776 283,537 {........ -
10,354 86,972 33,328 129,654 285,119 2 2
9,808 129,256 46,086 185,150 267,243 1 1
13,022 158,320 , 88, 240,227 459,621 1 1
18,409 198,119 52,565 269,093 700,912 1 1
18,294 | 185,422 34,66 238,385 541,197 1 1
20,285 203,313 24,284 247,882 634,434 1 2
30,220 208,715 27,517 341,716 753,878 1 2
15,500 197,666 36,543 317,261 681,351 3 "3
11,414 192,403 40,324 327,810 491,928 1 3
11,890 344,171 45,781 394,907 1,213,347 2 1
7,007 240,905 64,566 357,174 667,199 2 2
15,548 206,299 79,050 347,296 523,926 3 4
1912....... 10,103 243,656 63,819 384,297 621,547 2 38
1913....... ,604 278,368 60,706 423,896 721,325 3 3
1014....... 9,322 249,648 61,227 393,006 705,841 3 3
1915....... 9,799 245,484 69,572 389,791 686,309 3 4
1916..... ,07. 292,109 80,298 457,375 1,066,599 |........0..cc0un.
Totals..! 1,251,348 (4,728,228 |1,078,159 |7,741,742 (819,998,219 (........|l........
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COAL.*

Com) mmining wgan in Michigan as early as 1535 but no records
of prronbuetion sre svailable bedore 1560, when Michigan was cred-
fhaal with an ontput of 2520 tons. Most of the coal in the early
duyn wan oltsined from veins exposed or at shallow depth in the
vieinity of Grand Ladge, Faton county, Jackson, Jackson county,
sl Corunng, Mhiswassee county, Ten years later the production
ronehd 28000 tons, In 1880, 100,800 tons, and for the following.
two yoeurs it exeveded 100,000 tons annually. In 1883, a sharp de-
eline begnn und In the following year the production fell to only
WOTIL tonw, 1t wan not until 1897 that the production again ex-
cewuledd the 100,000 ton mark. In that year, the Saginaw and Bay
county fleldn were opened and the production jumped to 223,

M2 tonw, The Industry grew rapidly and four years later, in 1901,

the produetion wan nearly one and a quarter million tons. The
muxinmum output of 2,085,858 tons was reached in 1907. Follow-
Ing that yenr n rapld deeline set in and continued until the maxi-
mum of produection for 1913 was 1,138,699 tons. The production
han remindned practieally stationary since. According to the State

Conl Mine Tuspector, the total coal sales for the year ending No- -

vother 80, 1016, were 1,076,215 tons. This does not include coal
uned for steam and heat, therefore, it is probable that the total pro-
duetion in practically the same as in 1915.

The wenveity of coal and the resulting high prices in the winter
and apeing of 1917 has given a new impetus to the industry and
probaly the praduction in 1917 will show a large increase. The out-
put however, has been curtailed more or less by a shortage of cars
Al doubticss thix will he the condition for most of 1917,

SR A NS aanpiete tepart on the ool industry in Michigan see Publication 19,

el e IR Mieinl Resineeg of Michigan for 1914, ppe 247-270. also Veol. VI,
LATEAR R (NY AR WA YN
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LIMESTONE.*

The growth of the limestone industry in Michigan was relatively
steady from 1899 to 1904 but very rapid from that date to the pres-
ent. In 1899, the total value of limestone products, including lime
was only $281,769, and in 1904, $501,708. Ten years later, in 1914
the value of the products, exclusive of lime, which amounted to
$287,648, was $1,457,961 or nearly three times that of both lime
and limestone products in 1904. Large increases were made in 1915
and 1916, the total value of all products, except lime being respect-
ively $1,828,766 and $2,389,763. The percentage of gain in 1916 was
30.6 per cent as compared with 25.4 per cent in 1915.

The chief increases were in stone for blast furnace flux, for the
manufacture of soda ash and allied products, for concrete and for
railway (?) ballast. The production of flux stone in 1910 was only
341,027 tons valued at $186,046 as compared with 2,254,984 tons
valued at $763,029 in 1915 and 3,033,155 tons valued at $1,207,326
in 1916. The large increases for 1915 and 1916 in flux stone were
due largely to the general industrial prosperity incident to the war
and algo to the development on a large scale of extensive deposits
of very high grade limestone especially adapted for fluxing pur-
poses. This stone is successfully invading the flux stone markets
formerly dominated by limestone from other states.

Most of the high calcium limestone is located in Alpena, Presque
Isle, Cheboygan, Emmet, and Charlevoix counties in the northern
part of the Southern Peninsula and in Schoolcraft, Mackinac, and
Chippewa counties in the Northern Peninsula. Important deposits
occur at Sibley, Wayne county, and Bellevue, Eaton county. An
undeveloped deposit occurs about two miles northeast of Dundee,
Monroe county. Small deposits of uncertdin commercial import-
ance occur near the mouth of Portage river about six miles north
of Jackson, Jackson county, and about three miles northeast of
Omer, Arenac county. The reserves of high calcium limestone in
the northern part of the state are practically inexhaustible.

Enormous deposits of very pure high magnesian limestone or dolo-
mite occur in the Northern Peninsula near the lake shore from Seul
Choix Pt., Schoolcraft county, eastward to Point Detour, Chip-
pewa county. This dolomite is adapted for lining open hearth fur-
naces and for paper making. Extensive areas of impure limestone
suitable for concrete, road material, and ballast occur in the vicin-
ity of the high grade limestone areas in the Northern Peninsula.
. Low grade magnesian limestone or dolomite occurs in abundance
in Monroe and Huron counties.

- -
*For a complete report on the limestone resources of Michigan see Pub. 21, Geol.
Ser. 17, Min. Res. of Mich. for 1915, pp. 103-112.
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LIME.

From 1904 to 1914 the lime industry in Michigan made no
growth, the production being 63,601 tons in 1904, and only 66,359
tons in 1914. In 1915 there was an increase to 81,359 tons but this
was 1,749 tons less than the maximum in 1909. In 1916 there was
a large decrease to 52,878 tons. This was due largely to the fact
that the Charlevoix Rock Products Co. went into the hands of the
receivers.and ceased operations for the year.

The lack of growth in the lime industry is due to several causes,
chief of which are (1) the growing scarcity of suitable cheap wood
fuel for burning lime, (2) the substitution of concrete for stone and
lime-mortar in construction work, (3) the rapidly growing use of
gypsum wall plasters and plaster substitutes, and (4) the unfavor-
able location of suitable limestone in relation to markets. Form-
erly, because of the abundance of cheap wood fuel and the difficulty
of obtaining lime, lime-burning flourished in many localities in the
state, inferior or hard burning limestone often being utilized. The
cheapness of good lime, the ease of obtaining it with the develop-
ment of means of transportation, and the growing scarcity of cheap
fuel combined to drive most of the local burners out of business,
especially those using inferior or hard burning stone. At present,
no lime is produced in the central and southern portions of the
state with the exception of a small amount in Arenac county. Lime
is burned only at Menominee, Menominee county, Manistique and
Marblehead, Schooleraft county, and Rexton, Mackinac county in
the Northern Peninsula and at Alpena, Alpena county, Afton, Che-
boygan county, Petoskey and Bay Shore, Emmet county, and near
Omer, Arenac county, in the Southern Peninsuld,

Most of the exposures are in the northern part of the state rela-
tively distant from ready markets: This makes it difficult for
the Michigan burners to compete in the southern more populous
portion of the state with lime producers in northern Ohio, Indiana,
and Illinois, situated near cheap coal fuel supplies.

Concrete mortar is more easily and rapidly handled than stone
and lime mortar and has largely displaced these materials in the
building trades. For similar reasons gypsum wall plasters and
plaster board have largely displaced sand-lime mortar for plas-
tering.

Much of the lime produced is of the “hot” variety but consider-
able mild magnesian lime is burned at Manistique, Marblehead,.
Petoskey and Bay Shore. Hydrated lime is produced at Afton,,
and Manistique.

23
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The total production in 1916 was 86,477 tons valued at $385,341
as compared with 81,359 tons valued at $349,979 in 1915. This was
a net increase of 6.2 per cent in quantity and 10.1 per cent in value.

The average price in 1916 was $4.45 per ton or .16 per ton more
than in 1915.

PRODUCTION AND. VALUE OF LIME IN MICHIGAN, 1904-1916.

Total lime burned. )
Average No. of Rank of
Year. pritce plar;ts P ()sc%atei
: er ton. operating. roduction.
Qu%g;l;y. Value. . P i

63,601 $256,955 $4 04 |......... . el
48,089 192,844 401 ... e
68,133 281,465 413 13 |,
65,822 276,534 4 20 12 16
68,050 282,023 4 14 10 15
83,108 354,135 4 26 12 13
72,345 303,377 4 19 10 14
80,709 352,608 4 37 14 14
74,720 311,448 4 17 11 16
77,088 331,852 4 05 10 14
66,507 287,648 4 33 10 | . 14
81,359 349,979 4 29 10 15
86,447 385,341 4 45 A P,

BRICK AND TILE PRODUCTS.

Raw Materials. Most of the surface clays (see Clay) in Michi-
gan are of low grade and of three general classes, (1) morainic
clays or drift clays, (2) lake clays, and (3) river silts. The mo-
rainic clays are usually calcareous, containing from 10 to 15 per
cent or more of lime. They also contain sand, pebbles, and bould-
ers, hence the name boulder clay. Due to their sandy or calcareous
nature, most of the clays are adapted for making only common
brick and tile or low grade pottery. The high lime content causes .
most of the clays to burn white or cream colored. In some places,
leaching has removed the lime to the depth of a few feet and clay
from this surface portion burns red.

Exposures of clay or shale beds suitable for the manufacture of
fire, vitrified, and front brick, vitrified tile, fire-proofing, and other
high grade products are not abundant. Near Rockland, Ontona-
gon county, some of the lake clays belong to the slip varieties and
are used for glazing pottery. At Grand Ledge, Eaton county, Jack-
son, Jackson county, Corunna, Shiawassee county, near Bay City,
Bay county and Flushing, Genesee county, shales belonging to the
coal measures have been utilized for vitrified and front brick, vitri-
fied tile, sewer pipe, conduits, fireproofing, etc. For the past two
years a project for the manufacture of front brick from Coal Meas-
ures shales has been under way at Williamston, Ingham county.
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The Baker Clay Products Co., at Grand Ledge, has a modern
" plant equipped with continuous kilns and have begun the manu-
facture of front brick.

Production. In 1916 the value of brick and tile products in Mich-
igan was $2,705,054, exclusive of pottery, as compared with $2,248,-
068 in 1915. This represents an increase of $456,986, or 20.3 per
cent. The quantity of common brick increased from 277,399,000 in
1915 to 279,175,000 in 1916, a gain of .6 per.cent. The value, how-
ever, increased from $1,461,188 in 1915, to $1,856,587 in 1916, an in-
crease of 27 per cent. The average price of common brick in 1916
was §6.65 as compared with $5.23 in 1915, a gain of $1.42. The
value of drain tile increased from $305,156 in 1915 to $548,795 in
1916, a gain of $243,639 or 79.7 per cent.

The manufacture. of common brick has made great development
in the vicinity of Springwells and West Detroit where extensive
beds of suitable lake clays occur. The growth of Detroit in this
direction, however, has made the land so valuable for building
sites that the brick companies are gradually being forced into other
localities.

In 1916, of a total of 279,175 common brick, 226,966 were made
in Wayne county. Drain tile is next to common brick in import-
ance with a reported value of $28,315. Sewer pipe is manufactured
on a large scale at Grand Ledge and Jackson, but there are only
two producers, hence no figures of production and value are given.
Grand Ledge is also the chief center in the state for the production
of vitrified drain tile. The manufacture of front or face brick in
Michigan is in its infancy but with two plants in operation, one at
Saginaw, Saginaw county, a new one at Grand Ledge, and another
projected at Williamston, Ingham county, the production of this
type of brick will become of considerable importance. This will
meet a great need in the state, for a large amount of face brick is
annually imported from Ohio and bordering states. .
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CLAY.

The clays* "of Michigan are of three general classes, viz.: (1)
morainic or drift clays (2) lake clays and (3) river silts. Deposits
of kaolin or china clays are not known in Michigan and the chances
for the occurrence of commercial deposits of such clays appear to
be small. Deposits of kaolin have been reported at various places
in the Northern Peninsula, but these so far as investigated, have
proved to be white or calcareous lake clays of the slip variety. The
morainic clays, boulder and till clays, are always calcareous, some
of them being very high in lime, especially in limestone regions. In
such regions the clays locally approach the nature of impure marls.
The lake clays are generally less calcareous but locally, as in lime-
stone regions, they may contain a large percentage of lime. The
river silts are the least calcareous but they are usually gritty. On
account of the high content of lime, most of the clays burn white.
In many beds, however, there is an upper portion relatively free
from lime which burns red, and a lower one very high in lime
which burns white or cream color. The absence of lime in the upper
portion is due to leaching. In such cases, there is usually a zone
of lime balls between the leached and unleached portions.

The morainic or drift clays contain pebbles, and boulders (hence
the name “boulder clay,”) and locally lime concretions. Screen-
ing and washing have been resorted to at some plants to separate
the clay but the extra expense is generally prohibitive except in
districts where good clays are wanting or where the clays possess
special burning qualities. The lake clays are comparatively free
from pebbles and coarse sand but some contain much very fine grit.
These clays are generally suitable for making common brick and
tile. There are inexhaustible supplies of such clays in the eastern
portion of the Southern I’eninsula from Arenac county south to
the Ohio boundary. Large areas of lake clays also occur in Chip-
pewa and Ontonagon counties.

The morainic or boulder clays have been developed for the manu-
facture of common brick and tile at many places in the state but
generally on a small scale. The lake clays in the vicinity of Spring-
wells and West Detroit have been developed very extensively for
making common brick. With the growth of the city in this direc-
tion the land has become so valuable for building sites that the
brick industry is being gradually forced into other localities. Im-
portant developments have also been made near Paines and West
Naginaw, Saginaw county, and at numerous places in Lenawee,
Monroe, and Macomb counties.

*H. Reis, Vol. VIII, pt. I, p. 48, Clays and Shales of Michigan, Mich. Geol. Surv.
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In Ontonagon county some of the clays are of the slip variety
and are suitable for glazing pottery. A deposit of slip clay is also
reported near Harriette, Wexford county.

Most of the surface clays in Michigan are low grade and gener-
ally the mining of such clays is merely incidental to the manufact-
uring of common brick and tile. Nearly all of the clay sold as clay
in Michigan is slip clay. It is mined chiefly near Rockland, Onton-
agon county, and shipped to potteries in Ohio and other states for
glazing. The great distance of the beds from the centers of the pot-
tery industry is a serious obstacle in promoting development. In
some years, a small amount of clay is sold for medicinal purposes.

PRODUCTION OF CLAY IN MICHIGAN, 1910-1916.

) Slip clay. Brick clay. Miscellaneous clay. Total.
Year. ; -
Quantity. | Value. | Quantity. | Value. | Quantity. | Value. | Quantity. | Value.

Tons. Tons. ' Tons. Tons.
1910 1,363 | $3,889 60 $105 1 $400 1,424 $4,394
1911. 744 5,090 18 32 2 150 1,764 5,272
1912, 2,034 6,164 |..........[........ 9 9 2,043 6,173
1913 1,710 6,504 |...... e 1,710 6,504
1914 1,463 L T O O O 1,463 4,572
1915 1,198 3,805 * * * * 3,142 5,605
1916.. .{.......... 10,6509 |. ..o 3,454 11,193
Total. .|........ | oo e $43,713

*Included in total.
POTTERY.

The pottery industry in Michigan has made almost uninter-
rupted growth since 1899 and since 1908 the growth has been rapid,
particularly in the last three years. In 1899, the total value of the
pottery output was $29,741; in 1908, $62,409; in 1910, $112,697; in
1915, $521,989; and in 1916, $792,716. The value in 1916 increased
$270,727, or 51.8 per cent. The increase was largely due to the
greatly increased output of porcelain and decorated ware and por-
celain sanitary and electrieal supplies. )

The products are chiefly porcelain electrical supplles, decorated
and white ware, and flower pots. Of seven firms, three, the Detroit
Flower Pot Company, and Anton Hupprich, of Detroit, and the
Ionia Pottery Company manufacture flower pots exclusively. The
Jeffery-DeWitt Co. of Detroit, manufacture a variety of porcelain
products,—sanitary ware, insulators, spark plugs, tumbling jars,
crucibles, etc. The Mt. Clemens Pottery Company, Macomb
county, manufactures decorated ware and the Pontiac Clay Pipe
Novelty Co., Oakland county, clap pipes and novelty ware.
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The clays used for the manufacture of flower pots are obtained
from Michigan but those for porcelain products, pipes, ete., are im-
ported from other states and countries, for, no deposits of china or
ball clays have been found in Michigan.
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SAND-LIME BRICK.

The first sand-lime brick plant in the United States was started
at Michigan City, Indiana in 1901. The sand-lime brick industry
was a “boom” industry and within two years nine plants were in
operation, in the process of building, or projected. Under the er-
roneous impression that sand-lime brick, satisfactory for most pur-
poses could be made much more cheaply than ordinary clay brick,
many plants were erected all over the country without proper in-
vestigation of marketing conditions, transportation facilities, com-
petition from clay brick or of the character and supply of the raw
materials, and methods of manufacture. The industry suffered
from the resulting failures and especially from the generally poor
character of the product.

The sand-lime brick industry is more adapted to regions where
good brick clays are scarce and sand abundant, but for ordinary
building purposes, sand-lime brick, where properly made, is now
successfully meeting competition from clay brick, in the face of a
more or less general prejudice on the part of contractors agamst
sand-lime brick.

.Fortunately in Michigan most of the early plants were started in
widely separated regions, and for from large clay working indus-
tries or were located near large cities which afforded a ready mar-
ket for a limited production. The industry therefore did not suffer
from as large a proportion of failures as in some of the other states
and has maintained a relatively steady growth.

Michigan quickly attained first rank as a producer of sand-lime
brick, which rank she has held since 1904, with the exception of one
year.

The growth has been in increased production rather.than in num-
ber of plants. In 1904, ten plants were in operation and produced
only 10,440,000 brick of all grades, valued $69,765. In 1905, twelve
plants were in operation and produced a total of 26,421,000 brick
valued at $169,302. Since 1905, the number of operating plants
has remained about the same, fluctuating between 10 and 13, but
the production and value have greatly increased. The number of
operating plants in 1916 was the same as in 1905 but the produc-
tion was 72,004,000 brick of all grades, valued at $499,711, or about
two and three-fourths times the number and nearly three times the
value in 1905. This is the maximum in the history of the industry
and represents an increase over 1915 of 52.3 per cent in quantity
and 74.1 per cent in value. The average price of common brick in

1916 was $6.92 per thousand as compared with $6.04 per thousand
in 1915.
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General conditions were evidently much improved over 1915, for
out of twelve operators, ten reported much better demand and
higher prices, one, trade conditions about the same, and one, poorer
trade. Labor scarcity was reported by two operators.

The production of front and fancy brick has fluctuated greatly.
" The production of front brick increased from 580,000 in 1904, to
about 2,000,000 in 1907, then decreased the following year to about
900,000. The maximum production of 3,255,000 was reached in
1910. Since 1911 the production of front brick has not exceeded
1,000,000 per year. It appears that front and fancy sand-lime
brick as manufactured are not as satisfactory for outside work,
or cannot be produced as cheaply as clay front brick.

Since 1904, Michigan has held first rank among the states both
in number of operating plants and value of output, with the ex-
ception of 1906 when New York took first place. For a number of
years, Michigan has produced nearly twice or more than twice as
many sand-lime brick as any other state and in 1916 produced one--
third of the total value for the United States. In 1916, twelve -
plants were in operation in Michigan, whereas Florida and Min-
nesota, the nearest competitors, each possessed four plants. In
1916 a new plant replacing the plant of the Fairview Brick Com-
pany, of Detroit, which was burned in 1915, was put in operation
by Flood and Hall at Fairview, a suburb of Detroit. Two plants
are located at Detroit and one each at Flint, Grand Rapids, Kala-
mazoo, Menominee, Ripley (Houghton County), Rives Junction
(Jackson County), Rochester (Oakland County), Saginaw, Sebe-
waing (Huron County), and Sibley (Wayne County).
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SANDSTONE.

For many years before the close of the last century the quarrying
of sandstone was an important industry in Michigan. There were
numerous quarries, though generally small, in Hillsdale, Jackson,
Calhoun, Ionia, Eaton and Huron counties. No records, however,
were kept until near the close of the century. In 1899, the produc-
tion was valued at $178,038, the largest recorded, except in 1902,
when the value of the output was $188,073. A rapid decline, though
intermittent at first, began in 1900, and continued until 1911, when
the industry all but ceased, the value of the output being only $12,-
985. For the past three years there have been only one or two pro-
ducers, hence no figures have been given.

The decline of the sandstone industry in Michigan may be as-
cribed to (1) the poor quality of much of the sandstone, (2) the
substitution of concrete in construction work and (3) the greater
use of brick and artificial stone.

Quarries formerly were operated in the sandstone of the Coal
Measures near Ionia and at other places in Ionia county, and at
Grand Ledge, Eaton county; and at many places in the Marshall
sandstone in Calhoun, Hillsdale, Jackson, and Huron counties.
Most of the sandstone in these formations upon exposure to the
weather for a few years, alters more or less uniformly or in spots
and streaks to an unsightly yellow color. This is due to the fact
that the cementing material, especially in the Marshall, contains a
considerable amount of iron carbonate, which upon exposure to
the weather is oxidized to limonite. The sandstone near Ionia,
though soft and friable is streaked and mottled with red, orange,
and yellow and makes a pleasing appearance in buildings. Some of
the stone when first quarried is reported to be so soft that great
care must be used in handling to prevent breakage. After season-
ing for some time, the stone becomes sufficiently hard to work and
strong enough for ordinary building purposes. The only quarries
operating in the Marshall at the present time are at Grindstone
City and Eagle Mills, Huron county, where the gritstones near the
base of the formation are quarried for grindstones and scythe-

‘stones. Some rubble and riprap are produced incidentally to the

quarrying of gritstone, at Eagle Mills by the Wallace Company of
Port Austin. ‘ :

The only quarry producing sawed and rough building block is
near Jacobsville, Houghton county. Extensive quarrying opera-
tions have been carried on near Portage Entry for many years but
now the Portage Entry Redstone Co. is the only active operator.
The. sandstone is known as the Jacobsville and is apparently the
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" equivalent of the Lake Superior or Upper Cambrian sandstone. The
“redstone” or “brownstone” of the Jacobsville is well cemented,
permanent in color and pleasing in appearance, but the great dis-
tance from markets is a serious obstacle to development.

Formerly much sandstone was quarried for foundations but con-

- crete has largly displaced stone for such purposes because of the
cheapness of concrete and the rapidity and the ease of handling.
Front and fancy brick are relatively cheap and a variety of artistic
effects are possible through their use. Because of this they have
largely displaced stone as a building material, except for founda-
tions.

Artificial stone is now displacing natural stone for these, espec-
ially for outside work.

Apparently the sandstone industry will not soon regain its
former importance.
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GRINDSTONES AND SCYTHESTONES.

Although Michigan ranks second to Ohio in the production of
grindstones and scythestones, the latter state produces about eight
times as much as Michigan. The “grit” or “grindstone” occurs in
the lower part of the Marshall formation in Huron county. The
Wallace Company of Port Austin and the Cleveland Stone Com-
pany operate quarries at Eagle Mills and Grindstone City respect-
tively where the gritstone occurs in low-lying and thinly drift cov-
ered ledges near the shore of Lake Huron. The surface deposits
are removed by stripping, and the stone is cut by channelling ma-
chines into square blocks eight feet or more in thickness. These are
split with wedges along the bedding planes into thinner slabs which
are loaded on cars by derricks, then carried fo the mills for sawing
into grindstones. The grindstones vary in size from very small ones
a foot in diameter up to those seven feet in diameter with a 14-inch
face. The broken stone is made into various grades of scythestones.

As there are but two producers no tables of production and value
can be given.

: SAND AND GRAVEL.

Michigan has very large sand and gravel resources. The most
important deposits occur in the form of ridges known as “hog-
backs” or eskers, in irregular hills, called kames, in out-wash
plains and deltas, and in old beach ridges, features resulting from -
the last glacial invasion. Only a small portion of the sand and
gravel resources have been developed. The chief developments are
in the southern half of the Southern Peninsula and in the vicinity
of cities, in river channels, and along the shores of the Great Lakes
where means of transportation are favorable. Large pits are locally
developed in building state award roads. The chief localities and
counties in order of importance are: Detroit and St. Clair rivers
and Kent, Washtenaw, Macomb, Ingham, Livingston, Manistee,
Oakland, Berrien, Jackson, Kalamazoo, and Calhoun counties.

In 1916 Michigan produced 4,407,475 tons of sand and gravel
valued at $1,295,717. This represents a gain of 630,749 tons or 16.7
per cent in quantity, or 24.9 per cent in value. The chief increases
in quantity were in moulding sand, building sand and gravel.
There were but two producers of glass sand (See Glass-Sand) in -
1915, hence figures of production and value are not given.
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PRODUCTION AND VALUE OF SAND AND GRAVEL IN MICHIGAN, 1904-1916.

Glass sand. Molding sand. Building sand. Fire sand. Engine sand.
Year. .
&
uan- uan- ; uan- > Quan-
%ty. Value. (%ity. Value. Qtity. Value. ég Value. tity. Value.
Tons Tons. Tons. ‘Tons Tons
1904. .|...... 167,147| $76,299 69,656 $30,898.....0. ... veue]i.
1905. . 19,382| 13,247 263,315 148,065,5,000/82,500]. . .....|.......
1906 . 61,387| 26,108 403,199 127,937|.....|...... 4,000 $400
1907. .| 4,300 54,172| 24,190 451,646 157,150/6,000| 3,000 1,534 153
1908. .{17,000 4,584 2,892 474,238 228,395/, ....0...... 1,991 319
1909. . 65,000 53,226| 20,756( 1,090,419 27,247(4,000| 2,000/ 12,415( 1,493
1910. .{16,212 93,812 24,004| 1,151,588 334,336 5,000/ 3,000 22,270 2,172
1911. 68,878 17,901 33,7 247,997 * * | 25,392 4,447
1912 * 152,433 40,145 902,556 204,115 ....0...... ,575| 4,774
1913 * 50,763| 17,493| 1,326,016] 415,737/4,542| 4,542| 4,447 647
1914. .26,035 53,400| 36,58 ,088, 360,152/.....0...... 6,357| 1,066
1915 * 82,666| 25,998 ’ 236,956/4,601| 5,751/ 70,077 2,794
1916 * 117,200, 31,978] 1,234,280 350,138 * * * *
Totals.|......|...... 979,051($357,595/10,133,179!83,269,123 .....|...... 167,058(818,265
Furnace sand. Paving sand. Other sand.
Year.
Quantity. Value. Qua.nﬁty. Value. Quantity. Value.
. Tons Tons. Tons _—
1904 . .. ..o e e
1905. .. ..o e 50,187 $14,476
1806.......... 5,000 $2,500f............0.......... 51,005 12,140
1907.......... 3,858 3,133|. .o 173,724 12,187
1908.......... 3,329 3,828|......... i, 29,187 6,8.
1909.......... 3,183 ,660/........... | L, 295,612 50,953
1910.......... 3,185 4,924]. ... ... e 372,880 57,385
1911 PN * 152,144 $29,650 114,801 52,005
1912, ... 68,453 16,89 130,624 54,746
1913.......... 1 t 533,261 108,328 113,31 20,342
1914.......... 1 1 320,322 74,866 115,291 107,392
1915, .. .o e e 131,466 14,021 111,105 2,24
1916.......... * * 154,413 38,068 228,003 103,722
Totals.....|......ooovii]ennenunn, 1,360,059 $287,831(............} ...,
Railroad ballast. Gravel. . Total. Rank
.
Year.
Qt?t’;r?- Value. | Quantity. [ Value Quantity. | Value. c{‘l"';,n' Value
Tons. Tons Tons. Tons
.................... 236,803| $107,197|........1........
76,625 $32,321 414,509 ,609 10| 11
72,598 25,614 597,789 197,699 12 13
329,407 81,182( 1,024,641 289,595 10 11
312,262). 94,081 842,591 370,365 8 9
95, 902 200,523| 2,219,757 ,63: 8 8
1,197,791 364,841| 2,862,738 816,337 7 8
935,072 203,218| 2,185,165 565,969 9 10
1,409,180| 407,925 2,681,821 818,603 9 8
3,928,874 915,205| 6,422,818| 1,528,892 4 5
2,140,359 530,338| 3,757,979| 1,143,771 8 7
2,457,094 671,970| 3,776,726( 1,036,739|........|........
2,226,878 726,033 4,407,475| 1,295,717|........|........
15,782,042($4,298,251|31,530,812($9,067,125|. . ......[........

*Included under other sand.

25

tIncluded under fire sand.
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GLASS SAND.

Glass sand is extensively quarried near Rockwood, Wayne county
and near Steiner, Monroe county. The glass sand rock occurs in
the Sylvania sandstone or Middle Monroe of the Silurian. The
Sylvania underlies a belt extending west from the mouth of Detroit
river, then curving to the southwest across the southeast corner of
Wayne county and through Monroe county, leaving it near the
southwest corner. The belt is from three to five miles wide except
in the southwest corner of Monroe county where it narrows to
about one-half mile. The Sylvania is exceedingly variable in thick-
ness. In Wayne county, along Detroit river it is from 70 to 165
feet in thickness and here as elsewhere contains horizons of sandy
dolomite. To the southwest it thins irregularly until near the Ohio
line it is about 35 feet thick.

The sandstone is exposed or is near the surface in three local-
ities, viz.: in the southwestern part of Whiteford township.(T. 8
S., R. 6 E.) and in the vicinity of Steiner, Monroe county, and
Rockwood, Wayne county. In section 28 of the Whiteford town-
ship area the overburden is locally ten feet or less in depth. It is
exposed for a considerable distance in the bed of Raisin river near
Steiner in the southwest quarter of sec. 2, T. 6 S., R. 8 E. At this
place the rock is exposed* or covered by a few inches of soil on an
area of 8 to 10 acres and on an area of 60 acres the overburden is
reported to be nowhere more than two or three feet thick.

There are no natural exposures of the Sylvania in ;Wayne county
but east of Rockwood in section 16, in the vicinity of the pits of
the American Silica Company, the overburden is only from five to
eight feet deep. Apparently there is an area of several hundred
acres in the vicinity of Rockwood where the overburden does not
exceed twenty feet. )

Typically the sandstone is a remarkably pure, sparkling, snow-
white aggregation of fine incoherent quartz grains of very uniform
size and resembling granulated sugar. Lumps of it may be readily
crumbled in the hands and when placed in water they literally fall
to pieces. At the pits of the American Silica Co. east of Rockwood,
‘Wayne county and of the National Silica Co. near Steiner, Monroe
county, the sandstone is washed down by a small stream of water
from a hose. At the Rockwood pit there is a stratum of hard dolo-
mitic sandstone which requires blasting. The material after being
crushed and washed is pumped into bins where it is allowed to
drain.

Some years ago the Rockwood Silica Sand Co. drilled a well just

*\W. H. Sherzer, Vol. VII, pt. 1, p. 54, Geology of Monroe County, Mich. Geol. Surv.
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east of Rockwood (SE 14 SW 14, Sec. 10) to the depth of 122 feet
penetrating 15 feet of clay, 15 feet of dolomite, and 92 feet of glass
sand rock without reaching the bottom of it. A six-inch casing was
used to rock and below this a four-inch casing, through which
steam under a pressure of 60 pounds per square inch was injected,
forcing out water and sand. About a car-load of sand per day was
obtained in this way.

Glass sand pits known at “Tolls Pits” were opened many years
ago near Steiner, Monroe county. These properties later were
taken over by the National Silica Co. which operated them up to
1916 when its plant was burned down. The property has been re-
cently sold to the Ford Plate Glass Co. of Toledo, Ohio. The White-
ford area is undeveloped.

Immediately beneath the drift, the sandstone is more or less
colored to a depth varying from a few inches to several feet, by iron
from percolating surface waters. Elsewhere the sandstone is re-
markably free from iron. In the pit of the American Silica Co. at
Rockwood, there are numerous masses of celestite, or strontium
sulphate, and native sulphur. The masses appear to be most num-
erous near the horizon of dolomitic sandstone. Washing removes
practically all of the small amount of dolomitic cement in the in-
coherent sandstone, and most of it from the dolomitic sandstone.
The sand as marketed is said to average over 99 per cent silica and
is adapted for making the highest grades of glass.

The following analyses are of the crude unwashed sand from the
pits of the National Silica Co. at Steiner, Monroe county, and of
the washed produect from the pit of the American Silica Co. at Rock-
wood, Wayne county.

ANALYSIS OF GLASS SAND.

Peroent.  Porcent.

Silica ....ciiiviiiiiiiiiiiiiee. 96,50 99.70
Calcium carbonate ............. 1.50 0.08
Magnesium carbonate ........... 1.04 0.22
Iron oxide ...........c.oivnntt. 0.00
Surphuric acid loss and undeter-

mined ......... ..ol 0.76
Loss on ignition ................ 0.20 -

A large amount of glass sand is produced from these pits and sold
to plate glass factories in Michigan, Ohio, and other states. The
washed sludge containing the fine grit is used for the ignition sur-

*Analyst Dr. J. E. Clark, Detroit.
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face on match boxes. Since there are but two producers, no figures
of production can be given, the output being included in the state
totals of sand and gravel.

NATURAL GAS.

In Michigan natural gas* is obtained both from the drift and from-
the underlying bed rocks. The supply in Macomb and Oakland .
counties is.entirely from the drift, but in St. Clair county it is
chiefly from the oil wells' (See Petroleum), where it occurs in asso-
ciation with the oil. Gas also occurs in considerable quantities in
the drift around Portage Lake, Manistee county, and in Alcona and
Montmorency counties. .

The surface gas is most abundant in the belts underlain by the
bituminous and petroliferous Devonian formations and presumably
is the result of leakage from these formations. At many places in
these belts, gas is given off in springs and shallow wells, sufficient
in some cases to be lighted. Many explorations have been made
upon the basis of such evidence but no gas of commercial importance
was found in any of the borings. In general such signs are of little
significance in Michigan, particularly as they are most frequent
along the line of exposures of the oil and gas bearing formations,
therefore are in the zone of leakage, rather than accumulation.

The gas generally occurs in small volume and under low pressure,
the pressure generally varying from a few pounds to forty pounds or
more. Most of the wells yield gas sufficient only for the needs of a
family or two. Generally they last for a number of years but some
of them “play out” in a few days or weeks. In Oakland and Ma-
comb counties, 25 or 30 drift gas wells are or have been utilized by
farmers for heating and lighting purposes.. According to the re-
ports of the owners many of the wells have been declining rapidly
in pressure and volume during the past three years.

Many artesian wells around Portage Lake, Manistee county, yield
some gas. In 1913 gas was struck in a well in drift west of Onek-
ama near the shore of the lake. The gas was under a pressure of
about 190 pounds per square inch. At last reports, the gas from
only a few of the wells has been utilized. Small drift gas wells
also occur and are utilized to a limited extent in Benzie, Monroe,
and Washtenaw counties.

At Port Huron, some of the May and Gillette oil wells about two
miles west of Port Huron are reported to yield from 20,000 to 40,000
cubic feet per day, when allowed to flow freely. The gas pressure is
said to vary from 125 to over 250 pounds per square inch. In 1915,

*Pub. 14, Geol. Ser. 11, Occurrence of Oil and Gas in Michigan, 1912,
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a project was under way for utilizing the excess gas for lighting a
small suburb of Port Huron, but apparently nothing came of it. Sev-
eral other wells drilled for oil in various parts of the city yield suf-
ficient gas to be utilized for domestic and industrial purposes.

At Mt. Clemens, some of the wells, from which the mineral water
for the bathing establishments is obtained, also yield gas nearly suf-
ficient for heating the boilers used for pumping.

The total production of natural gas in the state however, is rela-
tively insignificant, the average value for the past six years being
less than $1,500 annually.

PRODUCTION OF NATURAL GAS IN MICHIGAN, 1911-1916.

Domestic. Industrial. Other. Total.
No. of
Year. 4 pro-
ucers.
Quan- Quan- , Quan- Quan-
tity. Value. tity. Value. tity. Value. | tity. Value.
M. cu. ft. M. cu. ft. ’ M. cu. ft. M. cu. ft.
1911... 22 930 $930 |........ ... ... 800 $400 1,730 $1,330
1912... 17 ...t 1,020 900 $450 |......ofeenn 900 1,470
D 3 B O S Y PN 1,805 1,405
1914 | .ol 2,442 1,442
1915. .. 16 960 960 |....... e 1,100 550 2,060 1,510
1916. .. 12 598 508 [........]........ 700 350 1,298 948
Total..|........ P [
PETROLEUM.

Oil* has been found in small quantities at many places in Michi-
gan, notably at Port Huron, Allegan, and Saginaw. At Port Huront
there are two principal groups of productive wells and several scat-
tered wells. All of the wells are very small, the average yield per
day probably being about one-half barrel. Some of the wells when'
first drilled are said to have yielded as much as seven barrels per.
day, but the production gradually fell off to-less than a barrel.
Most of the wells yield gas and some of them, considerable 'qua'n-
tities. Their shallow depth, 500 to 600 feet, and the presence of
sufficient gas for motive power in pumping the wells and drilling
new ones, make possible profitable operation. The G. B. Stock
Xylite Grease and Oil Company operates a group of eighteen wells
and uses the oil in the manufacture of lubricants for which it is
adapted. A group of eleven wells has been drilled on the Henry

May and Lawrence Gillette farms near the “Oxbow” bend of Black
*Pub. 14, Geol. Ser. 11, Occurrence in Oil and Gas in Michigan, 1912,

1See Publication 19, Geol. Ser. 16, Mineral Resources of Michigan for 1914 for a
more complete discussion of the Port Huron field.
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River about two miles west of North Port Huron. Drilling is now
(June, 1917) in progress on the Henry May farm. The average
yield of oil from these wells, when pumped, is said to be similar
to that of the Stock wells. It is probable that a few more small
wells will be sufficient to make the operation of this group profit-
able, especially as some of the wells yield significant quantities of
gas, more than sufficient to furnish power for operating the wells
and drilling new ones.
There was but one operator reporting a production in 1916,

hence figures of production and value are omitted. ’

MINERAL AND SPRING WATERS.

There has been a persistent decline of the mineral water indus-

try in Michigan since 1902, though the amount and value of min-

eral and spring waters produced in Michigan fluctuate greatly
from year to year. '

PRODUCTION AND VALUE OF MINERAL WATERS IN MICHIGAN, 1900-1916.

@
Rank. 4 Total.
=~ . Average
Qo5 Medicinal.f| Table. h
Year. Q “s Quanti I Value. Value. pgr";:l
uan- o uantity. |
tity. Value. 8 Gals. ' Value.
Z
6 4 28 3,398,996 $411,935 |......... ... $0.121
2 1 28 7,019,168 1,195,614 |..........0.. ... ... 0.170
1 9 28 8,653,690 275,763 |.. ... | 0.032
1 9 19 6,919,107 200,668 |..........|...00ninn 0.029
7 13 19 3,385,875 118,422 | ... ... 0.035
4 17 2,684,800 277,188 $38,900 | $238,288 0.100
13 23 19 ,528 783,357 |oovoivei i 0.081
8 15 19 1,472,679 127,133 35,091 92,042 0.086
8 16 24 2,004,433 88,910 ,995 82,915 0.044
5 16 19 2,760,604 104,454 6,099 98,355 0.035
9 17 17 1,454,020 69,538 1 69,438 0.048
11 24 23 1,713,401 72,253 12,156 60,09 0.042
12 19 17 1,420,465 75,611 7 74,834 0.053
17 24 20 884,893 52,642 3,605 49,037 0.059
16 20 22 931,343 70,310 12,252 58,058 0.075
16 18 19 913,765 72,711 5,165 67,546 0.080
............ 18 996,875 108,867 |.......... ...oout, 0.109
.................. 47,516,442 ' $3,397,376 | $114,140 | $890,610 80.09

—_ e R

The principal factors affecting the production are (1) general
business conditions, (2) local conditions affecting municipal sup-
plies. The largest decreases in production in Michigan occurred
in the general business depressions of 1906, and 1907, and of 1914.
The municipal water supplies in certain cities are unsafe or unpal-
atable and consequently a thriving business of vending spring
waters has grown up in these cities. ‘During the past few years,
the quality of the supplies in some of these cities has been greatly
improved through the installation of filtration plants or the devel-



NON-METALLIC MINERALS. 199

opment of new sources. The production in 1902 was 8,653,690 gal-
lons valued at $275,763. In 1916 only 996,875 gallons, valued at
$108,867, were produced, as compared with 913,765 gallons valued
at $72,711 in 1915. This was a gain of 83,110 gallons and $36,156
or .091 per cent in quantity and 50 per cent in value. The large
gain in value was due chiefly to the larger average price which was
10.9 cents per gallon as compared with 8 cents in 1915.

_ MARBLE.

The Kona dolomite in the Marquette iron bearing district, the
Randville dolomite in the Menominee and Crystal Falls districts
locally have been more or less completely metamorphosed into dolo-
mitic marble. The marble varies in texture from coarse to fine,
and in color from white to various tones of pink, blue, green, and
brown. The marble generally contains so much interbedded im-
purities such as slate and quartzite, or grades into these rocks,
that few of the deposits offer commercial possibilities. Attempts
have been made to quarry the marble in several places, but accord-
ing to reports the large amount of waste made operations unprofit-
able. An old marble quarry in Sec. 26 T. 42 N,, R. 28 W., Dickin-
son county, is now operated for the manufacture of whiting and
paint filler. )

Verde Antique Marble. A belt of altered peridotitic rocks about
414 miles in length occurs northwest of Ishpeming, Marquette
county. These rocks have been altered largely to serpentine and
dolomite, or so-called verde antique marble. In some places the
rock is almost wholly dolomite but generally it is a dolomitic ser-
pentine, the dolomite investing the rock by an intricate system of
veins and stringers of dolomite. The serpentine varies from light
to dark green with tones of olive, but the dolomite is generally
white. The rock takes a high polish and the intricate veining pro-
duces very beautiful effects. Polished slabs exhibited in the office
of the Survey indicate that the stone, locally at least, is equal or
superior to much of the verde antique now on the market. '

For the past two years the Michigan Verde Antique Marble Co.
of Ishpeming has been opening a quarry about five miles north-
west of the city in section 30, T. 48 N., R. 27 W., and began limited
shipments early in 1917. The marble was hauled in winter on sleds
to the railroad, pending the building of a railroad spur. The Mar-
quette Green Marble Co. made an attempt, to open a quarry east of
the old Michigan gold mine but become firiancially involved and
suspended operations in the summer of 1917.

Apparently there is a large amount of easily available verde an-
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tique marble in the belt, and with careful development, the marble
industry in this district probably will become of considerable or
even large importance.

SHALE.

Shale is quarried near Coldwater, Branch county, at Paxton,
Alpena county, one mile south of Ellsworth, Antrim county, and at
Bellevue, Eaton county for use in the manufacture of Portland ce-
ment; at Grand Ledge, Eaton county, for vitrified sewer-pipe, tile
and conduit and front brick; six miles north of Jackson near the
mouth of Portage River, Jackson county, for vitrified sewer-pipe
and tile; at Flushing, Genesee county, and near Corunna, Shia-
wassee county, for vitrified brick.

The Michigan Vitrified Brick Company of Bay City formerly
mined shale from an abandoned coal mine for the manufacture of
vitrified brick but this company ceased operating in 1916.

For the past two years a project has been under way to develop
shale beds at Williamston for the manufacture of front brick. Al-
though a large area of shale land was explored and burning tests
were made of the shale, the project has not materialized.

The shale beds at Grand Ledge, Jackson, Flushing and Corunna
belong to the Coal Measures. The beds vary from soft white, or
light gray clay shale to compact, dark or black bituminous shale.
Probably further tests will show that some of the beds are suitable .
for other products than those now made. The beds at Paxton belong
to the lower portion of the Antrim formation of the Upper Devon-
ian. The extent of the easily quarryable shale near Paxton is un-
known but propably exploration would reveal the presence of a
number of quarryable areas. Most of the shale exposed is dark
brown and very bituminous but locally there are streaks of bluish
to greenish gray shale and huge balls of iron carbonate and dolo-
mite. The shale beds at Ellsworth belong to the upper part of the
Antrim and are largely of soft blue gritless shale, with a few thin
dark bituminous beds. The extent of the easily quarryable areas is
uncertain but apparently large. Tests probably will show that this
shale is suitable for a variety of purposes. Other exposures of the
Antrim shale occur in Charlevoix, Cheboygan, and Alpena coun-
ties, notably along the shore of Lake Michigan at Norwood, Charle-
voix county.

Excellent exposures of shale belonging to the Coldwater forma-
tion occur at Richmondville, Sanilac county, and along the shore
of Lake Huron from Forestville in the same county to Whiterock,
Huron county. The Coldwater shale is also exposed or is at shal-
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low depth in a number of places in the vicinity of Coldwater, Union
City, Quincy, and Bronson, Branch county, but it is utilized only-
at Coldwater. -

Exposures of the Bell shale, the base of the Traverse formation,
occur near Bell, Presque Isle county. At Rockport, Alpena
county, it forms the floor of the quarry of the Great Lakes Stone.
& Lime Company. The shale is soft, bluish, and generally highly
calcareous. Probably most of it will be found suitable for use in
the manufacture of Portland cement. At Charlevoix, a bed of shale
about 10 feet thick occurring in the upper Traverse limestones,
forms the floor of the quarry of the Charlevoix Rock Products Com-
pany. This shale is reported to have been tested and found suit-
able for the manufacture of vitrified products.

Unfortunately most of the deposits of good shale occur in the
horthern part of the Southern Peninsula, far from large markets,
or at some distance from means of cheap transportation.

SLATE.*

Extensive deposits of black slate suitable for roofing occur in
Baraga county chiefly on the northwest side of Huron Mountains in
the vicinity of Huron Bay. From 1875 to 1878 and 1883 to 1888 slate
was quarried in a number of quarries at Arvon. All of the attempts
to develop the slate mdustry in the state failed chiefly because of
the poor methods of quarrying, though many natural difficulties
were important contributing factors. The slate at Arvon is of fine
texture, pleasing black color, and uniform quality and compares
favorably with the product from eastern quarries.

TRAP ROCK.

There are inexhaustible resources of trap rock in the western
half of the Northern Peninsula, chiefly in the iron and copper bear-
ing districts. Trap rock is quarried at Marquette and Negaunee,
Marquette county. Large quantities of amygdaloidal trap are pro-
duced incidentally to the mining of copper. The trap rock from
Marquette county is harder, tougher, and less altered than that
from the copper mines. The inferior wearing qualities of the amyg-
daloidal trap, however, is partially compensated by superior ce-
menting power.

Most of the quarry product is crushed for road material and con-
crete. In some years, a small amount has been sold for rip-rap. -
The great distance from markets is a serious obstacle to the de-
velopment of the trap rock industry of the state. -

*For a more complete report see Pub. 16, Min. Res. of Mich. for 1913 pp. 92-95,
Mich. Geol. & Biol. Surv.

-
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PRODUCTION AND VALUE OF TRAP ROCK IN MICHIGAN, 1911-1916.

Crushed stone.
Y No. of an ki c ¢ Il[{lgg . Total. Rank.
ear. . making. oncrete. ubble.
producers. Value. Value. Value..
Quantity. | Value. | Quantity..| Value.
Tons. Tons.
1911... k2 R 45,250 ($38,429 |.. .- ..... $51,000 8
1912. .. 5 21,805 [$18,366 11,355 9,340 | $8,500 36,206 8
1913... 5 24,920 | 23,369 e * * 92,201 10
1914. .. 5 25,690 | 24,863 4,448 4,771 | ..., 34,406 12
1915. .. 6 28,262 | 29,764 18,775 | 22,047 * 105,855 12
1916. . .|.......... 38,193 | 37,475 9,601 9,715 |........ 83,072 |........
Total...|.......... 138,870 |8133,837 |..cceveeeifeernnn]innnennn $402,440 |........
*Included in total.
GRAPHITE.

Graphite slate occurs southeast of L’Ansé, Baraga county. Quar-
ries have been opened about 9 miles southeast of L’Anse by the De-
troit Graphite Company, Detroit, and by the Northern Graphite
Company of L’Anse. The graphite material is ground for paint.

The quarries are operated only intermittently, enough material
being taken out in one year to supply the needs of the companies
for a number of years. The Detroit Graphite Company was the
only operator in 1916.

MINERAL PAINTS.

Certain iron ores were formerly mined in Iron county by the
Pickands Mather Company of Cleveland, Ohio, for the manufacture
of paint. Last year operations ceased and the only manufacture of
mineral paints from the crude material are the Detroit Graphite
Company and the Acme White Lead & Color Works, Detroit. The
former (See Graphite) utilizes graphitic slate for the manufacture
of graphite paint. The latter manufactures a large amount and a
- great variety of mineral paints. The two above are the only pro-
ducers, hence figures of production and value cannot be given.

QUARTZ.

Vein quartz is mined near Ishpeming by the Michigan Quartz
" Silica Company of Milwaukee and ground chiefly for wood filler
and paint. Some of the product is used in the manufacture of
scouring polishes. According to an analysis submitted by the com-
pany the quartz rock is practically pure silica, there being only a



NON-METALLIC MINERALS. 203

trace of impurities. The mills are located at Ishpeming, Michigan,
and Milwaukee, Wisconsin. : N
There is but one producer of quartz hence figures are not given.

FELDSPAR.

Deposits of potash feldspar are reported to occur about one- .
guarter mile from Republic and in section 22, T. 47 N,, R. 29 W,
Marquette county. Pegmatitic granite occurs in sections 7 and 18,
T. 46 N., R. 41 W., Gogebic county and a pegmatitic dike is exposed
near the south quarter corner of section 8.

According to the reports of the Commissioner of Mineral Statis-
tics of Michigan for 1902 and 1903, the Republic deposit is of red
potash feldspar. A carload of spar from this deposit was shipped
to East Liverpool, Ohio, for use in the manufacture of porcelain.
An analysis made of this by ani Ohio chemist, is as follows:

: Per cent . Per cent
Silica (8i0,) ............ 65.25 Magnesia (MgO) ....... 0.23
Alumina ALO; ......... 18.60 Sodium oxide .......... 1.99
Iron Oxide Fe,O;....... 0.40 Potassium oxide ........ 13.40
Lime CaCO ............ 0.38 .

According to the chemist there is but little free quartz present
in the sample. An attempt was made to develop the property in
section 22, T. 47 N., R. 29 W., but apparently without success.

The pegmatite dike in section 8, T. 46 N., R. 41 W. is very coarse,
the crystals of orthoclase attaining a maximum of 14 inches in
length. The exposure is very small, being a rock knob 20 to 25
paces across and 15 to 20 feet high. More or less exploration would
be required to determine the extent of the dike. It is probable
that other dikes exist in this and other localities.

CELESTITE.

Celestite or strontium sulphate -(SrSO,) occurs in various strata
of the Monroe formation in southeastern Michigan. Near Maybee,
Monroe county it is found as scattered masses associated with na-
tive sulphur in the lower part of the Upper Monroe. At Rock-
wood, Wayne county, it exists similarly in the Sylvania sandstone.
Near Gibralter it occurs as disseminated crystals in the Upper
Monroe dolomites. In the glass sand quarry of the American
Silica Co., Rockwood, the masses are very numerous in places and
some of them are very large. The commercial possibilities of the
recovery of the celestite in connection with the quarrying of the
glass sand is now being investigated. The masses are imbedded in
the friable sandstone and can be readily separated from it.
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SUMMARY TABLE OF THE PRODUCTION AND VALUE OF

. 1912 1913
Mineral Products.
Quantity. Value. Quantity. Value.
Brick and tile products, number of
brick...........cc.cio... 281,741,000 | $2,350,606 (282,664,000 $2,451,242
Brick. sand-lime, number of brick 49,292,000 316,732 | 50,065,000 .
Bromine...................... (a) (a) (a) a)
Calcium chloride (a) (a) (@) (a)
Cement, Portland; bbls. made, value
cement shipped.................. 3,651,004 3,145,001 4,081,281 4,228,879
Clay, tons. .. .......coovuniunann.i, 2,043 6,173 1,710 6,504
Coal,tons. ....................... 1,206,230 2,399,451 1,231,786 2,455,227
Copper, lbs. ... ... o L 218,138,408 | 35,992,837 |183.853,409 28,442,806
@asssand................ .l [C 1 P (e)
Graphite................... ..o o, () [
Grindstones, tons. .................[...... ... ... [€: 2 (@)
vasum and gypsum products, tons
.......................... 384,297 621,547 423,896 721,325
*Iton ore,longtons. ............... 12,649,296 | 29,003,163 | 12,677,466 31,947,214
Iron, plﬁ long tons made; value pig
iron shipped..................... 459,975 [(b)6,579,048 447,188 | (b)6,568,920
Lime, tonsmade................... 74,720 311,448 77,088 331,852
leeqtone .................................... 1, 139 560 |.......0nnn 1,408,708
Mineral paints. .. ............«....|...... .. ..., ( ) N P ( ) .
Mineral and spring waters, gallons
sold............ ... .. . ... 1,420,465 75,611 884,893 52,642
Natural gas, M. cu. ft e 900 1,470 ,805 1,405
Petroleum. A (a) 8
Pottery..... 194,892
grecious stones. .............cooiiifininenenii]iiians ( ..... ¢
................. . (a . .
1Salt, bbls. 10,946,739 2,974,429 | 11,528,800 3,293,032
Sand and gravel tons. 2,681,821 18,603 6,424,168 1,529,142
Sandstone.................. I P 16,438 (............ 19,224
Silver, fine oz. Troy................ 528,453 324,999 295,173 178,284
Traprock.................. ... oo 36,206 |............ 92,201
Miscellaneous. . . ..........ociviifieniniin. 522,141 |............ 540,626
Total......oooiieii i 879,931,757 |............ $77,860,192

*Figures from Iron Trade Review.

tExclusive of bromine and calcium chloride.

(a)Included under miscellaneous.

(b)Excluded from total, covered by iron ore.

(c’Estimated.
(d)Copper sales.
(e)Included under sand and gravel.
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MINERAL PRODUCTS IN MICHIGAN, 1912-1916.
1914 1915 1916
Quantity. Value. Quantity. Value. Quantity. Value.

278,384,000 | 82,434,872 281,819,000 $2,248,068 288,391,000 82,705,054
42,465,000 255,784 47,285,000 286,948 72, ,000 499,711

(8, a 600,325 494,271 |. ... ..ol (a)

(a, (a) 10,558 74,670 |.............. (a)
4,218,429 4,064,781 4,765,294 4,454,608 4,919,023 6,017,911
1,463 4,572 3,142 5, JAf 11,153
1,231,786 2,559,786 1,156,138 | (c) 2,139,596 1,076,215 2,695,557
158,009,748 | 21,426,122 238,956,410 | (d)41,775,296 339,599,198 61,831,805

............. (e) (e) (e)

....................................... (ag (a)

............. (a) (a, (a)
93, 705,841 389,791 " 686,309 457,375 1,066,599
8,835,274 | 18,965,058 13,151,612 26,574,168 18,626,051 45,884,330
379,619 |(b)5,229,948 | (b) 486,106 6,624,559 505,646 8,851,361
66,507 87, 81,359 349,979 86,447 385,341
1,457,961 |.............. 1,828,766 |.............. 2,380,763

[€:) 2 P @ e (a)
70,310 913,765 72,711 996,875 108,867
1,442 ’ 1,510 1,298 948

[€:9 70 P @) e (@)
265,194 [.............. 521,989 |.............. 792,716

@ e [€:7) 2 P (a)

@ ...l () I ()
3,299,005 12,588,788 4,304,731 14,918,278 4,612,567
1 ,1(1%,978 3,776,726 1,(036,739 4,407,475 1(.2)95,717

B) | &) ... . . a,
228,665 585,933 297,068 247,485
34,406 |.............. 105,855 83,072
565,147 |........0.unn. 119,905 (.............. 971,263
............. $57,641,013 [..............| 894,003,349 |..............| $140,446,220







PART III. DEEP WELL BORINGS.

R. A. SMITH.







DEEP BORINGS.

During the past three years a. considerable number of deep bor-
ings have been sunk in the state chiefly for water, salt, oil and gas.
Logs of most of these and sets of samples from many have been ob-
tained. - A number of records of wells, drilled prior to 1913, have
also been recently obtained.  The following are the compiled
records of the more important borings.

27 .
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ALLEGAN COUNTY.

Saugatuck. Mr. P. G. DeGuenther in 1916 drilled a test well for
oil near Saugatuck. A log and a set of samples were preserved for
the lower portion of the well. The well evidently penetrated the
Dundee limestone but no oil or gas was reported. The exact loca-
tion of the well was not learned.

A detailed record of the lower portion of this well would have
been of great value in throwing light on the structure of Dundee
limestone in western Allegan county. Since the depth to the top
of this formation at Saugatuck cannot be determined within close
limits, direct comparison cannot be made with the wells at Allegan
to the eastward and in Berrien county to the south.

SAUGATUCK WELL.

Location: Near Saugatuck. Record by R. A. Smith from samples taken at every change and
from driller's log. Drilled for oil in 1916 by P. G. DeGuenther.

Elevation not known but probably about 600 ft. A. T.

g | | g
s 4 | 3
2 8 e had
Fohal @ a
= A @
Pleistocene or gla.cial deposits:
DALk loam T e i 20 20 1
Dark grayish yellow sand with considerable white chert and blue shale.

Grayish cast due to shale particles. *Water sand.”............ 20 40 2
Fine yellow sand—‘“‘quicksand.”. . .......... . .. oo.iiiiiiiinnn 30 70 3
Coarse gravel and boulders with water. 10-in. drive pipe to 85 ft. ... 10 80 4
Fine sand—'' quicksand,” and gravel. Quicksand filled up pipe 40 ft.. 10 90 5
Fine sand with small pebbles—*quicksand” . ...................... 10 100 6
Sticky dark bluish boulder clay. “Slow todrill”.................. 15 115 7
CQUICKSANA . .. . e es e s 25 140 8
Gravel and sand, water. ‘‘Can’t bail down.” Sample at 160 ft. is

labeled “Clay and gravel” . ... .........covui.iunennnnn. e eeeees 40 180 9
Clay at 180 ft., pebbly. Record from 180 to 195 ft. not certain...... 15 195 |......
Quicksand fills up hole 60 ft. Gravel at 285 ft. 8-in. casing to 200 ft. 20 285 10
“Clay, dark and sticky.” * (Weathered shale at the top of the Cold-

water([?]) “‘Soapstone’” at 305 ft......... .. ittt 20 305 11

Coldwater shale: i :
- Hard light gl'a.{1 very fine grained grit and gritty dolomitic shale break-

ing up into hard a.ugular fragments, resemb ing “Light limestone.” 35 340 12
Soft dark gray shale—'‘Soapstone. Easy todrill”................. 110 450 13
Hard gray fine grained dolomitic grit, with streaks of white dolomite.

No. eff. with cold dilute HCI, vig. with hot. Smooth dark gray

shale, very calcareous—‘'soapstone,” at 460 ft.. .................. 10 | ‘460 14
Hard gray fine grained dolomitic grit, darker than above. ‘‘Blue shale,

clean drilling.” .. ... . i e i e e 50 510 |......

Berea horizon and Antrim shale: .
“Red rock and mixed lime.” Gray to light green crystalline limestone

with some white calcite and pyrite. Sample labeled 510 ft. is brick .

red and bright green shale. *‘Red Tock mixed with lime.”......... 25 535 |......
Sample labeled 535 ft. is chiefly verg red gritty shale with some yellow

shale and much gray to greenish white crystalline limestone and white

calcite. Sample labeled 580 ft. is finely mottled gray very dolomitic .

finegrit.................... secesesneasiuene fieeeaenenassaas 165 | 700 |......
Soft greenish gray shale. ‘‘Soft limestone. Easy drilling.”.......... 70 770 |......
Dark gray shale and hard gray, gritty dolomitic streaks. ‘‘Soapstone,

no gritat 785feet.”. ... ... .. ... ..l T 151 785 |......
Greenish graiy shale with streaks of limestone; some calcite.......... 15 800 |......
Dark gray bituminous shale, very smooth and soapy.—* soapstone’. . 80 880 |......
“Limestone and shale mixed.” ray and dark gray shale, calcite. ... 70 950 |......
Clay, blue and sticky at 950 feet. . ............ ... . ... .. ......... 250 {1,200 |......
“Limestone and shale mixed.”” Sample at 1,200 ft. chiefly brown

bituminous limestone. .
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ARENAC COUNTY.

Pine River. Fred Oeder drilled a well for water near Pine River.
The record was made from a few samples and a log from memory
furnished by Mr. Oeder. Two gypsum beds were struck at 216
and 223 feet respectively.

PINE RIVER.

* Location: Near Pine River, Standish Township. (T. 18 N., R. 4 E.) Drilled in February,

1915 by Fred Oeder, 208 N. DeWitt Street, West Bay City, Mich. Record from memory
by Fred Qeder. Not accurate as to details, only for main changes in rock strata. Correla-
tions by R. A. Smith. .

- i ";
i |3
& . N
8 2
a% 1 @
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Pleistocene or rock surface—Clay. ...... oottt i i e e 22, 22
Parma sandstone—White sandstone.................. ... ... ..o i 38 | 60
Baygiort, limestone—Limestone. . .......... ...ttt 60 120
Michigan series: . :
Blu@ S8hale. . . . .ot e e 96 216
Gvas,um (sample about} gypsum, rest blue and gray shale)................. 2 218
gue shale.s. TSN ok Tite eke falitne evbsiim: some i e i Eray s hale g 223
sum—>Sample mainly pure crys ne gypsum; some blue and gray shale i 231
Szghale probagly from above Marshall sandstone—Smith)._
Upper Marshall sandstone—Dark gray sandstone and shale mixed............ 269 500
Flowing water.
Lower Marshall—Red sandy shale. .................... ... ... . ... ... 125 | 625
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BRANCH COUNTY.

COLDWATER.
Location: Exact location not given. Record by C. E. Wright from Dr. J.
Elevation 983 ft. A. T.

H. Bennett.

. o
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3 s}
Pleistocene or glacial drift—Surface. ............ ... .. ... ... ... ... . . 115 115
Coldwater shale—Blue shale. .. ......... ... .. ... uiiiiiinirninnennennnns 701 816
Berea horizon (?)—Red calcareousshale.........................uuiinnnn. 14 0

Antrim shale:

Hard blue shale interstratified with limestone. 50 880
Black bituminousshale.................... 205 | 1,085
Traverse formation—Hard limestone. . 115 ,200
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CLINTON COUNTY.

Bengal Township. In 1915, coal was struck in a well on the
Verne Walker and Albert J. Moss farms on the town line between
' Bengal and Essex townships. The Consolidated Coal Co. of Sag-
inaw, drilled two test holes one on each farm to determine the
‘thickness and extent of the bed. The coal bed in both borings
proved to be too thin for further investigation. Records of the
‘borings were furnished the survey by Mr. J. H. Barnes, Field Engi-
neer of the company and the record of the A. J. Moss hole, the
deeper of the two, is given below:

Test Hole No. 1, Albert J. Moss Farm.

"Location: Near N. E. cor. S. E. 1 Sec. 33, Essex Twp. (T. 8 N,, R. 3 W.), Clinton Co. about
10 feet from well and 7/10 of a mile N. E. of hole No. 1 on the Vern Walker farm.

Drilled in November, 1915, by Consolidated Coal Co., Saginaw. J. H. Barnes, field engineer.
Churn drill. Thickness of coal determined by samples taken about one inch a.gg.rt by sgeciall&y
-devised bit and barrel. Record from J. H. Barnes. See also record of A. J. Moss well, 1915,

Elevation about 765 feet A. T.

Thickness Depth
feet. feet.

ANA. ... e
BANAY Clay .. ..ot iv i e 8 8
[0 52 42 50
Hard Pan. .. ..o e 65 115
Ay . o e e 10 125
Sandy red clay (or soft red shale?).............................. 17 157

‘Saginaw formation: :

hale. .. ... . 3 160
‘White sandstone. . . 32 192
Gray slate. . . 196
Black slate. . 1 197
Gray slate. . 10 207
Black slate, very black and . 17 224
Poorcoal.................... A 0-9* 224-9"
SandStone. ... 2-3 227
Fire clay. ... ..o e 4 231

‘Gray sandstone.....................iun.. e 50 281
Gray sandy slate............................. e e 57 338
Blackslate........................... e 1 339
Fire clay. ... ... ... e 5 344
Blackshale. . ... ... ... ... ... ... . . 20 364
Gray shale. ... ...... .. ... .. 16 380
Fireclay......... .

Coal, fairly good 0-7" 382-7"
Fire clay..... 5-5 388
Gray slate. . ... ... ... 12 400

The slate above is shale. .
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DELTA COUNTY.

Escanaba. In 1917 the Chicago and Northwestern Railway Com-
pany completed a well for water at their shops in Escanaba. A
carefully made log and a complete set of samples were preserved
for the Survey by Mr. Geo. Loughnane, Division Engineer. v

The well penetrated the red Huronian schists at a depth of about
854 feet. Horizons corresponding to the Madison sandstone and
the Mendota limestone of the Wisconsin section occur below the
“Calciferous” sandstone. The Lake Superior sandstone contained
much coarse very porous sandstone below about 730 feet and
yielded a large flow of artesian water, with a head apparently
about 30 feet above the surface.

CHICAGO & NORTHWESTERN RAILWAY COMPANY WELL.

Location: C. & N. W. R;i‘. shops, Escanaba; 250 ft. north and 2,020 ft. west of southeast corner
of N. W. 1 of sec. 29, T. 39 N., R. 22 W.; and 635 ft. east of east line of Georgia Street; and
200 ft. north of north line of Thomas Street. F. M. Gray, Jr., well contractor. .
Curran, driller. Well completed April, 1917. Samples taken under the direction of Geo.
Loughnane, Division Engineer. Record compiled by R. A. Smith, Michigan Geological
Survey, from samples and from information given by Geo. Loughnane.

Elevation about 590 ft. A. T., 9 ft. above Lake Michigan, or O ft. above tracks at yards.

. P | &

s =

3] 2

=" 3
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Pleistocene or glacial drift:

Coarse yellowish sand........... et et eteeanensenenneneenennennannnnnen 10 10
Yellowish red sand........... ... ...ttt 20 30
Coarse yellowish sand or fine gravel. . ........ ... ... .. ... .. oiiiiiniann.. 10 40
Gravel, probably water bearing from about lake leveldown................ 10 50
Fine pink clay, very calcareous....................cieeeiiiiiiniiieean.n. 30 80
Pinkish clay, apparently with gravel at the bottom........................ 5 85
Sandy gravel, “hard pan gravel”........... ... ... .. ... ... il 10 95.
Very coarse gravel and pebbles. . .............. ... .. .. i i, 11 106

Galena—Trenton Limestone:
Hard grayish buff limestone with small white crystalline masses. Violent
effervescence with cold dilute HCIl. ‘“‘Shell rock” and pebbles from
A OV . . . o L 4 110
Hard ira.yish buff fossiliferous (brachiopods) limestone with orange red

streaks and small white crystalline masses. Violent effervescence. Iron

oxide decreases dOWNWATA. ... ... ......oonuiiieeeeeannnne e inn. I 20 130
Hard grayish buff limestone with white crystalline masses. Vig. eff. Little

ornored iron Oxide. . . ......o. ittt e . 10 140
Grag very argillaceous pyritic limestone and calcareous shale. Violent

e eTVeSCeNCe. . . ... e i e 20 160
Greenish gray calcareous shale. Moderate to slow effervescence........... 10 170
Buff gray argillaceous limestone. Vigoraus to moderate effervescence. ...... 10 180
Gray calcareous shale and light to dark gray very argillaceous limestone. . . .. 30 210
Gray to dark gray calcareous shale, and shaly and sandy limestone; sand com-

posed of small round grains of colorless quartz........................ 10 220
Gray calcareous shale and grayish white to gray argillaceous limestone.

Violent effervescence. . .. ... ....uuuune o ittt 20 240 ,
Gray to dark gra?' calcareous shale and shaly limestone.................... 20 260
Light buff crystalline limestone with some gray to dark gray shaly and black

ituminous streaks.............. ..o L., L 50 310
Hard gray gritty limestone. Moderate effervescence...................... 10 320
Light to greenish gray shale and grag limestone. ............ccovevvinenn. 10 330
Much greenish graf shale and dark buff gray limestone.................... 20 350
Light grayish buff limestone with sandy phases; some greenish shale. Moderate

to slow effervescence. . . ..........uuu ittt 10 360

Greenish gray to dark gray shale and buff sandy limestone; sand of rounded

colorless quartz grains. . ............ouiiiitiiiiiiiiiiii i i 10 370
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Most of the upper beds of limestone are apparently low magnesian; the lower '

beds appear to be more magnesian, especially near the bottom. The

characteristically high magnesian beds of the Galena do not appear to be |

Eresent in this well but occur on the top of the bluffs near the mouth of the .

scanaba River. Lt
St. Peter (?) Sandstone,
Light to dark buff and gray magnesian limestone with sandy phases and streaks

of dolomitic sandstone. Slow effervescence. Flow of water............. 10 380
Fine grained light buff sandy dolomite, hard............................. 15 395
Fine white dolomitic sandstone, soft.................... ... .o 15 410

Beekmantown—'‘ Lower Magnesian’’ or ‘ Calciferous.”
Light buff heavy magnesian limestone and much white sandstone, apparently ;
in streaks or in part from the incoherent sandstone above. Slow effervescence.” 20 430
White dolomite, hard. Slow effervescence............................... 10 440
White sandy dolomite, hard. Slow effervescence.................c........ 10 450

Small flow of water from 450 to 480 ft.

White dolomite and light buff sandy dolomite. ........................... . 10 460
Buff graF dolomite with sandy streaks and streaks of very red ferruginous |

dolomite. .. ... . e | 10 470
Fine grained gray dolomite with dark pyritic streaks and dense grained gray !

dolomite breaking with a smooth conchoidal fracture (*glass rock’’?).... 10 480

1
Jordan (?) (Madison) Sandsetone.
‘White sandstone of rounded colorless quartz grains; apparently some streaks '
ofdolomite...... ... ..ot i e i 20 500
N |
St. Lawrence (?) (Mendota) Limestone: . }
Light buff and smy dolomite with a streak of red dolomite................. 10 510
Buff and grag olomite with sandy streaks; residue of 10 to 15% of white
JQUATEZ BRI . .. .ttt e e e 10 520
Light buff sandy dolomite; residue of 10-15% of white quartzseand.......... 10 530
Very fine white dolomitic sandstone. .......... I e 10 540
Light buff gray dolomite and dolomitic sandstone, the latter probably in the |

B0 03 o1 o 7 B e 10 550
Very red ferruginous dolomite with some.white dolomite, probably at bottom.

Large residue of red ferruginousmatter............... ... ..o, 10 560
White dolomite. . ........ . ... .. . e 10 570
Light buff and red dolomite; some gray dolomite.......................... 20 590

buff and gray dolomite redder an apfmrently harder than above....... Y20 610
Dark gray very argillaceous and pyritic dolomite and gray shale; sandy at the
Lo 20127« 25 635
Lake Superior or Potsdam Sandstone: .
Gray to reddish sandstone, calcareous at top 55 690
Fine calcareous sandstone. . 10 700
White sandstone. . .............. 40 740
Main water bearing horizon sai
Coarse white sandstone. . .................c.oiiiiiiiinnnnnnnnnn 20 760
Coarse grayish white to bluish gray sandston . 35 795
Red clay shale, slightly calcareous : 5 800
Red and white sandstone, probably red sandstone streaked or mottled with ;

white; fine to medium grained. .. ........ ... ... . . . . i i 30 830
Coarse gray sandstone with particles of red rock; probably water bearing;

apparently red talcose schist at 850 feet. .. ............ooeeneenrennnnns : 24 854

Pre-Cambrian: . |
Red talcose schist with smooth ‘‘soapy’’ surfaces on cleavage plates; some | 1-2+| 855.27

pieces show crenulations. . ....... ... ... ... . ... i

Casing: 106 ft. of 8 inch to rock, 5 ft. of 714 inch liner, and
‘then 77/ inch hole to 120 ft., and 63 inch hole to bottom. To pre-
vent caving, 5 3-16 inch casing was put in to 240 ft. to case off the

shale rock from about 200 to 240 feet.

Artesian flow estimated at 150 gallons per minute. Water flows
freely over top of casing 20 feet above ground. Head probably

about 30 feet.
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Pine Ridge. A test hole for iron was drilled near Pine Ridge
about two and one-half miles west of Iiscanaba. The hole was
abandoned at a depth of 530 feet without reaching the Huronian
rocks. Judging from the Chicago and Northwestern Railway well
at Escanaba drilled later, the Huronian rocks should occur in the
vicinity of P’ine Ridge at a depth of nearly 800 feet.

A complete set of samples were preserved and furnished the
Survey by Mr. L. N. Schemmel of Escanaba who was connected
with the project.

LOUIS N. SCHEMMEL TEST HOLE NO. 1.
Location: S. W. corner S. W. { of N. E. , sec. 28, T. 39 N., R. 23 W. Hole near Pine Ridge
or 24 miles west of Escanaba. Drilled for iron in 1914. Samples practically every 5 feet
and at every change. Samples furnished by L. N. Schemmel and examined by R. A. Smith

and L. P. Barrett.
Elevation 680 =ft. A. T.

g | &
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Pleistocene or glacial drift (30 ft.):
Sand and “drift”. .. ... ... i e e 10 10
QUICKBANA . . . .. ..t i e 8 18
Quicksand and broken limestone...............cceuuuiieineererenannnnn. 12 30
Bed rock at about 25 ft. First sample at 30 ft.
“Trenton’ limestone (95 ft. Top eroded):
Galena
White to light buff and gray dolomitic limestone........................ 19 49
Mixed bluish gray and white dolomitic limestone. . ......... ........... 5 54
Bluish gray argillaceous limestone and dolomite; };yrite at 125ft.......... 71 125
Platteville (and Galena in upper part) (?) (188 + 57 ft.)
Bluish gray to light gray and white limestone. ........ e 20 145
Dark gray argillaceous, pyritic limestone; some white limestone........... 15 160
Gray and light buff limestone; some bluish gray shale. . ................. 5 165
Hard finely crystalline Yellowmh to grayish white limestone, dolomite, and
dolomitic limestone; vein of water at 170 ft. which carried away the drill-
ings; water not arteBlan. ... ... ... .0ttt i e 38 203
Dense light grayish dolomite and dolomitic limestone.................... 15 218
St. Peter (?) sandstone:
White sandy dolomite and dolomitic limestone. Abundant rounded colorless
;;rs.ins of quartz, in places forming more than one quarter of rock. Pyritic
n places; vein of water at 248 ft. which carried away drillings; water not :
ArteSian. . ... ... ... i e 47 265
White sandy limestone. Large amount of small rounded colorless quartz
=4 5 T 10 275
St. Peter sandstone (50 ft.): X
Pure white sandstone of rounded colorless quartz grains.............. oo 14 289
Purewhite sandstone somewhat calcareous. Drill became ‘‘highly magnetic.” 5 293
‘White sandy dolomitic limestone.............. ... ... .. .. i, 7 300
Bottomofholeat......... ... .. ... .. .. . .. i i 304
Drill dropped into a vug and wedged ; broke cable about 2 ft. above tools in trying
to loosen drill.
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Test Hole No. 2, 30 ft. from Hole No. 1.
No samples down to 300 ft.
-
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White and very calcareous sandstone.......................c.ccuiuvannn. 10 310
‘White sandy limestone. Vig.eff........................... P 5 315
‘' Calciferous,” Beekmantown (?), ‘' Lower Magnesian’' (85 ft.):
‘White limestone and much red iron oxide and some argillaceous or clayey
matter; limestone eff. vig. .. ... ... ... i 4 319
éThl.s red oxidized horizon possibly represents the eroded land surface of the
alciferous upon which the St. Peter was deposited. The St. Peter
apparently fills hollows and valleys in the Calciferous formation.)
Very :hne imestone and some red iron oxide. Vig. eff. Some white quartz 320
BRI . . ... it 1
Very sandy white limestone. Vig. eff 10 330
Grayish white limestone. Vig. ’ 5 335
White limestone with some white quartz eand. Vig.eff................... 5 340
White to very light buff limestone. Mod. eff............................ 5 345
White to very light buff limestone with some white quartz sand. Vig. eff..... 5 350
White sandstone. . . . . e e e e e e e e e e e e 15 365
White sandstone and some very white dolomite. Sloweff................. 15 380
White sandy dolomite. Slow eff...................0oiivriininnninnnnnnn 5 385
White dolomite—some sand. Mod. eff................00viiiinnnnnnnnn.. 8 393
White dolomite. Mod.eff.................... 3 396
‘White sand{ and pyritic dolomite 4 400
The relatively vigorous effervescence with cold dilute HCl was due to the
powdery character of the samples. Coarse particles obtained by washing
gave slow reaction.
Jordan (Madison?) sandstone (25 ft.): .
Very sandy white dolomite..... . 2 402
A little tfyrite from 330 to 402 ft.
‘White and very calcareous sandstone, nearly half dolomitic limestone, some
yrite; hard, 5% of residue composed of fragments of steel from the drill. . 1 403
Boft white sandy dolomitic limestone, mod. eff. 209, pure white quartz sand 1 404
Yellowish white sandy dolomite; slow eff. 15% of pure white quartz sand,
rather soft; drillings washed away from 404 to 415ft.................... 11 415
Soft yellowish white sandy dolomite; slow eff. 209, pure white quartz sand . 3 418
Soft yellowish white sandy and pyritic dolomite; slow eff. 109, pure white
QUATEZ BANA . . .. .. ittt ettt e e e 7 425
*‘Drillings washed away from 420 ft. down.” ‘‘From 404 ft. down to 425
ft. most of drillings washed away. Water did not rise to top of pipe nor
did it overflow.”
St. Lawrence (Mendota?) limestone (84 ft.)
Medium hard white dolomitic limestone with a little colorless quartz sand and
brown ferruginous matter; mod. eff. .. ....................eieiiiiaiann 7 432
Hard white dolomitic limestone with a small amount of brownish gray ferrugi-
nous material; mod. eff. . ...... ... ... .. ... i il oo 3 435
Hard light buff dolomite with much red brown iron oxide; very little fine white
quartzsand; 8low eff. . . ... ... .. ... i 3 438
Hard white dolomitic limestone with a small amount of fine white quartz sand;
BT Lo U S e 7 445
Hard white dolomitic limestone with about 5%, of fine colorless quartz sand;
water turning reddish. . . ....... ... . . i, 5 450
Hard very light buff dolomitic limestone; a little fine white quartz sand and
particles of brownish red iron oxide; mod. eff. Water dish.......... 5 455
Hard reddish buff sandy dolomitic limestone with much brownish red iron .
ozide; brisk eff. About 109, of colorless quartz sand; water colored red. . 5 460
Hard light buff dolomitic limestone with a reddish cast due to considerable
browntish red iron ozide; brisk eff. . .. ... ... .. ... .. ... i 2 462
Hard reddish buff sandy dolomitic limestone with considerable brownish red
iron oxide and white quartz sand............... ... .. i, 3 465
Hard red sandy dolomitic limestone with a large amount of brownish and
orange red iron ozide; water blood red......... ... ... 5 470
Hard light reddish buff sandy limestone; vig. eff.; much iron oxide and some
fine white quartz sand; water blood red..................... e 1 471
Hard reddish buff dolomitic limestone, a very little sand and much iron oxide
in brownish red particles; limestone fragments largely white; water blood 1 o2
-
Hard reddish buff dolomitic limestone, much iron ozide; limestone fragments
varying from white to yellow and red; a little white quartzsand.......... 1 473
ard very red buff dolomitic limestone; larger amount of iron ozide than in
Hprevious samples; limestone particles white to red and yellow; water blood red. 1 474
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Hard very red buff dolomitic limestone; still larger amount of iron oxide;
limestone particles white to yellow and red, with the two latter colors pre-
dominating; mod. eff.; water blood red...................... .. ..., 1 475
Hard deep buff red dolomitic limestone with a very large amount of iron
oxide; some white quartzeand..............co0 ittt i 2 477
Very buff red dolomitic limestone softer than at 477 ft.  Mod. eff.; large
amount of iron oxide; limestone particles chiefly yellow and orange colored;
some white quartz sand water dark blood red........................ 3 480
Soft lighter buff red dolommc llmestone mod. eff.; smaller amount of iron
oxide; waterdark blood red..... ... .. ... ... .. i, . 2 482
Harder buff red dolomitic limestone; slow eff.; water dark blood red 3 485
Very dark red dolomitic limestone, eofter ‘mod. eff.; water dark blood red.. 1 486
Softer very dark red dolomitic limestone with a very large amount of iron
oxide; slow eff.; limestone particles yellow and orange; some of the iron
oxide'is in grn.nular articles 4 490
Highly ferruginous and very sandy pyritic red limestons
red residue of about 25%, of white pyritic sand 495
dy ferruginous and very sa.ndy yrmc red limestone; 1g
residue of more than 25? wlnte and very pyrmc sand.
slud enot as red as at 495 ft. . ... ... ... . ... . il 2 497
Reddis] ﬁray sandy limestone; brisk eff.; much less iron ozide, pyrite, and
sand t at 497 ft.; limestone pa.rucles white, red, and gray. Water
reddish brown 3 500
Sander gray pyritic limestone; ‘‘water blue black;" b: sK el
ticles gray and white with some reddish ONes.................ocoon.n. 2 502
Sandy grayish buff limestone; brisk eff.; very little sand but considerable iron
ozide; limestone particles white and 4 -3 TP, 3 505
Very sandy reddish buff pyritic limestone; mod. eff.; residue of 309, white |
quartz sand; minute pyritic crystals with a considerable amount of iron
oxide........oiiiiiii i ettt e e, 4 509
Lake Superior or ‘‘Potsdam’’ sandstone (21 4 ft.):
Reddish buff ferruginous and calcareous sandstone; slow eff.; residue of 609,
of white quartz sand; some pyrite........... PN 1 510
Light red, very sandy and ferruginous limestone; "mo residue of about
409 of fine white QUATtZ BANA. . . i .ttt i i ' 5 515
Reddish white sandstone; considerable iron oxide; but little calcareous matter. 3 518
Reddish white calcareous and terruginous sandstone; rock is essentially a sand- ! 1 510
3 522
Calcareous white and red sandstone; sludge reddish yellow; rock har 2 524
Red and white sandstone; sludge reddish yellow. . 2 526
‘White and red sandstone; sludge light reddish yello
from 524-526. . .. ...t e e [P ! 4 530
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EATON COUNTY.

Eaton Rapids. A 12-inch well was drilled in 1914 to the depth of
700 feet for the City Water Works of Eaton Rapids by the Frank
P. Rust Co. of Detroit. The well apparently penetrated the Lower
Marshall and perhaps the Coldwater. The upper sandstones in
the Coal Measures and Parma yield a moderate supply of water
but those of the Michigan series and the Marshall formation were
reported to yield very little water. This is surprising in view of
the fact that much of the sandstone in the Michigan series is por-
ous. It appears possible that a proper pumping test was not made.

EATON RAPIDS MUNICIPAL WELL.
Location: At north end of waterworks plant, Eaton Rapids, T. 1 N., R. 3 W., Eaton County.
12-inch hole. Contractor, Frank P. Rust Co., Detroit. Record from notes and samples
furnished by W. W. Tuttle, driller in charge. 1914. Samples examined by R. A. Smith.

Elevation 889 ft. A. T.
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Pleistocene or surface deposits—Loose 6and. .. ..........coureeernneennnnnan 20 20
Coal Measures:
Sandstone, white; water. . 15 35
Shale, bluish and black. . 92 127
Parma Sandstone: i
SANABIONE. ... ot e e 30 157
Gray sandstone and limestone; former full of small holes and drusy cavities...| 14 171
Sandstone............. ...l Setecectaeaterenreennanns .30 201
Bayport Limestone: . -
hite pyritic limestone, cherty, and some gray shale. Violenteff.......... 15 216
SandBtone. .. ... .. i e i ia e 40 256
Michigan Series:
Gray dense dolomite and gypsum. ... 266
White sandstone with a greenish cast from numerous green quartz grains 381
Pure white sandstone, PyritiC............c.iuitiiirnrnatenennnenanan 421
Shale (This may be the base of the Michi%an F:15 o 1= ) 1 PP 431
Light greenish gray sandstone (Marhsall [?]).............ccovvieiininn.. 3 474
Grayish yellow sandstone with some green quartz grains. .................. 516
Brown (red) and green 8hale. . ........c..cileuiernennennennennennennenns 545
Marshall sandstone: ’
Very fine grained light greenish gray sandstone. .............ccc..c0uune... 55 600
with little lime cement; grades downward into
Very fine grained light gray and very dolomitic sandstone. No eff. with cold
dilute HCl. Sand graing tightly cemented, grades down into........... 40 640
Lower Marhsall and Coldwater (?) shale:
Bluegray shale. ... ... ... ... o 60 700
Fine grained clay grit—very dolomitic at 700 ft. like that from 600 to 640 ft.
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GRATIOT COUNTY.

Ithaca. In 1917 A. R. Purcell bored a well 785 feet deep at
Tthaca. The well is used to increase the municipal water supply.

ITHACA MUNICIPAL WELL.
Location: At Water Works, Ithaca, Gratiot County.

Drilled in 1917 by A. R. Purcell, well contractor, Jackson, Michigan. Record by R. A.
Smith from samples furnished by A. R. Purcell. Samples every 5 feet.

Elevation apparently below 747 feet, A. T.

. -
§ &
£ :
e <
2] 3
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Pleistocene or glacial deposits:
ClayeY BANA. ... .ottt e e e . 5
Fine yellow sand, finer and loamy toward the bottom. . ................... 10 15
Dark pebbly Clay . ... .. e 25 40
Pebbly clay, apparantly with sand and gravel at the bottom. .............. 5 45
Sand gravel, water bearing. ... ........ ... ... ... i 50
£ Lo AP 5 55
Dark fine grained reddish clay............ ... ... ... ... .. ... ciiiiiuiiinn. 15 70
Sand and gravel, waterbearing. ............ ... ... .. i 20 90
Sand, water bearing. .. ...... ... ... e e 10 100
Sand and gravel at top and dark fine grained reddish clay.................. 5 105
Dark fine grained reddish clay ... ... ... ... ... ... ... .. . . . . iiiinininnn 15 120
Dark fine grained reddish clay at top and sand and gravel at bottom........ 125
Finesand. ... .. ... .. .. i 5 130
Pebbly blueclay.................... e e e 5 135
Fine gray 8and. .. .. ...... ... . .. ... e 20 155
Sand and fine gravel, more sandy toward bottom; water bearing............ 10 165
Finesand. ... .. ... .. .. e 5 170
Gravelly Band. . ... ... ... . e . 5 175
Finesand............ ... ... . .. .. i S . ! 5 180
Sand and coarse gravel and clay apparently at bottom. 5 185
Clay at top and sand at bottom. 5 190
Dark sand, pebbly. .. 5 195
Fine sand and claﬁ ....................................... 5 200
Dark red clay with pebbly blue clay probably at about 213 feet 15 215
Blue clay apparently with gravel at the bottom................ 5 220
Gravel, probably water bearing........................... P .. 5 225
Very calcareous fine grained blue clay. Pebbles in places................ 40 265
Dark reddish clay with pebbleaandsand................................ 45 310
Dark reddish sand withsome clay. .. ........ ... ... ....cciiiiniaininn... 5 315
Dark reddish clay with pebbles and sand, with pure white gypsum in sample |
Bt 325 fEet. . . ... .10 325
Dark reddish clay and pure white gypsum. . ................:............ i 5 330
Pure white gypsum mixed withsomeredclay........................... . 5 335
%oarse gglvel. PRETRRIE Qe W Hite Evnetnn. e . g gig
ery pebbly red clay and pure white gypsum. ............................}
Brickredclay...............coooiinn...l e i 5 350
Coal Measures: !
Pinkish red and light grafr sandstone. . ......... ... i 10 360
Dark gray to grayish black bituminous shale, black at the bottom; non- I
CAlCATEOUB. ... ...ttt ite et e ‘40 400
Soft light gray shale. ... ... ... .. .. . . . . . . i 5 405
Light gray and dark gray shale, darker toward the bottom................. 15 420
Dark gray shale to grayish black bituminousshale........................ 35 455
Soft light gray shale ; 5 460
Soft light gray shale at the top, red sandstone below, and gray sandstone at the 5 405
470
105 575
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Grayish white sandstone, pyriticin places................ccoviiiiennnan.. 20 595
Grayish white ver{ lpyritic sandstone; masses of granular pyrite. ........... 15 610
Grggish white peb edy sandstone. Small pebbles of white quartz......... 5 615
Medium fine grain yish white sandstone. . 20 635
Gray sandstone and dark gray shale....... 5 640
Dark gray shale. . .. ... .. .t .. 10 850
Dark gray shale and black bituminous shale
B0 E: 2 15 665
Black very bituminous shale. . .. 5 670
Dark gray bituminous shale with some black shale. . 10 680
Chiefly light gray shale, some dark gray shale, non-calcareous. ............. 5 685
Parma Sandstone:
Gray pyritic sandstone, some ghaleat top................................ 5 690
Gray pyritic and conglomeratic sandstone. Numerous small pebbles of white
quartz; typical Parma sandstone. .. ...........c.ccuvuvrnnnnenanenannaan 15 705
Gray 8andStONe. . . ...ttt e 20 725
Bayport Limestone:
ht ﬂay to gray limestone; viol. eff. with cold dilute HCl................ 5 730
Dark fine grained bituminous dolomite;slow eff. . ........................ 5 735
Light gray granular limestone, with very sandy setreaks.................... 10 745
Gray sandy dolomite with streake of dolomitic sandstone. ................. 10 750
Gray sandy dolomite at top and light gray shale at the bottom............. 5 755
Liiht gray shale at the top and white dolomitic sandstone at the bottom... .. 5 760
White to fight gray very dolomitic sandstone. ......................... e 10 770
‘White to light gray dolomitic sandstone at top and buff to brownish dolomite
at bottom.............. R T, eeaeaaaen N 5 775
Chiefly dark brown bituminous dolomite, some buff dolomite............... 5 780
Gray very pyriticshale. ......... ... .. i i i 5 785
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HOUGHTON COUNTY.

Lake Linden. A deep boring for water was made in 1887 by the
Calumet and Hecla Copper Mining Co. at their stamp mill at Lake
Linden. A diagrammatic record of the boring was furnished by F.
G. Coggin, Superintendent of the mill.

The well penetrated 1,450 feet of “Potsdam” or Jacobsville sand-
stone without reaching the bottom of the formation.

CALUMET & HECLA COPPER MINING CO. WELL.
Location: At Stamp mill of Calumet & Hecla Copper Mining Co., Lake Linden, Hought.on
County. Record from diagram and information furnished in 1803 by F. G. Coggin, Supt.
of stamp mill. Well begun Jan. 24, 1887, and finished May 12, following.

Elevation about 635 feet. A. T.

2 &
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Pleistocene or glacial deposits:
Gravel. Water at 10 feet, then againat 24feet.......................... 26 26
Hardpan.......coiuiiiiiieniiieininnienaannenns e 7 33
Quwksand and gravel. .. ..., e e 17 50
End of 12-inch drive pipe; 10-inch below this.
‘Potedam’’ or Jacobsville sandstone:
FSE0 40 1) 4 -3 6 56
Sandstone, ‘‘ Pretty golid’’ in the upper part; loose eha.le at about 93 feet and R
solid sandstone below. 82 ft. 2 inches of 10-inch pipe.................. 42 98
Solid reddish sandstone. .. ... ... ... ... . ... i 274 372

. Water came in at about 142 feet and rose to within two feet of surface. Pre-
vious to this, after casing was in, there was not enough water to drill with. |
Bottom of pump at about 196 feet. 8-inch hole to 205 feet. |

Solid reddish sandstone but a little harder at top........................ 101 473

Red sandstone. Rock harder from about 580 feet. At 600 feet water rose

inwell a little. ... . o e 128 601
Very fine sandstone, whiter and harder and with less red clayey matter. . 5 606
Red sandstone. Very hard at about 1,085 feet, then softer at about 1, 13 524 | 1,130
Red sandstone with some marl from about 1, 140 to 1,170 feet. Very hard

about 1,267 feet, softer at 1,318 feet and then very hard at 1 ,330 feet...... 260 | 1,390
COBTEE WHIte BBANABLOME . . .« . . .« o e oer st r s onen et nessnnannsnnennos 112 | 1,502

Very hard bed of red ‘‘marl” at 1,435 feet. Well yielded 60,000 gallons of
water per day.
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HURON COUNTY.
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Bad Awze. The Sugar Company at Bad Axe drilled a. well for
water, a number of years ago. The record is given below.

SUGAR COMPANY WELL.
5% inch hole.

I =
w
£ &
g . -
Eh <]
22| 8
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Surface deposits
Muck and shell marls (?) not inoriginalrecord. .......................... 5 5

3P 20 25
[ 5 AP 5 30
Hardpan (glacial material). ... ... ... oottt iiiiinnneneann, 5 35
Unreported (discrepancy in the record) ................................... 10 {400r 50

Upper Marshall sandstone:

F )T L1 o - 30 80
‘White shale (80aPBtONE) . . . .. ...itiiitn i iite e ineienannnneadaen 5 85
£ D T 1174 1 P 30 115
LimMe TOCK. ... it i ittt i i i e e i e 8 123
Sand rock.......ciiiiiiii it O 30 153

10 163
27 190
25 215
Apparently the main flow of water was at about 207 feet. This was a strong
stream which rose above the surface.
LIme TOCK. .. ou ittt i i it e e e e 220
White shale. . .. 230
Sand and lime. . . 250
Blue Bhale. .. ... ...t e e 275
Whiteshale. ... ... ... i i i 295
Red Band. . .....oiiii i e e 300
Black M. .. ..ot e i s 307
SANA FOCK. ... ottt e 312
Black lMe. . . ..ot e e 317
‘““Gravel” and sand rock. The gravel is conglomerate 320
Coldwater shale:
Blueshale. . ... ... ... i e e 15 335
Lime TOCK . . ..o e e 5 340
Probably a nodule of iron carbonate and dolomite (‘‘lime’’).
Sandy Bhale. ..... ... e e e, 10 350
LimMe TOCK . ... 10 360 -
Probably a big nodule of iron carbonate and dolomite (*‘lime'’).
Whiteshale. ... ... ... . ... . 40 | 400
1
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INGHAM COUNTY.

Lansing. A twenty-inch well was drilled for water in 1917 by
A. R. Purcell of Jackson for the Lansing Water Works. A com-
plete set of samples was preserved for the Survey by Mr. Purcell.
The samples show that in the vicinity of the plant most of the sand-
stone in the Coal Measures above the salt horizon is fine grained
and closely cemented to yield water freely. The sandstones in the
Coal Measures generally vary greatly in texture and prosity, some-
times within very short distances. It is probable that, if explora-
tion was carefully made and complete sets of samples preserved,
more porous and more freely water bearing areas of sandstone
could be discovered, in or about the city.

LANSING MUNICIPAL “20 INCH” WELL.
Location: Directly north of office of Cedar Street pﬁmpinv station, about 200 feet south of
Michigan Avenue and 200 feet west of Cedar Street. Drilled in 1917 by A. R. Purcell, well
contractor, Jackson, Michigan. Record from samples taken by A. R. Purcell.

Elevation of well curb 833.3. ft. A. T.

N I
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Pleistocene or glacial drift:
Yellow pebbly clay. ... .. ... .o i 12 12
Clay and gravel or very pebbly clay....... e eeeabeetecat et caenaana 8 20
Sandy gravel. .. ..... ..ottt e, 10 30
Gravellysand. . .......... .. o i e 15 45
Coal Measures:
Fine white sandstone, very calcareous. .......................coovvun.n.. 5 50,
Fine white sandstone, micaceous........... . 10 60
Very fine white sandstone, very micaceous. ........ 10 70
Fine gray grit, argillaceous, micaceous, and calcareou 5 75
Fine gray sandetone............................. 5 80
Fine gray sandstone, micaceous................... PN e 5 85
Fine y grit, argillaceous, micaceous, and calcareous.......... [ 10 90
Fine light gray, sandstone, micaceous..................... besesesessncans 5 95
Fine gray grit, argillaceous and calcareous. .. ...............ccouvuneunnnn. 5| 100
Fine gray sandstone. ... ..................... P 5 105
Fine ﬁmy grit, argillaceous, micaceous, and calcareous..................... 10 115
Fine light gray grit, argillaceous and calcareous........................... 5 120
Light gay very gritty shale, calcareous.................................. 5 125
Fine white to grayish whitesandstone. .................................. 90 215
Very fine white sandstone .. 10 225
Gray sandstone. .. ... 10 235
Fine gray sandstone. . 5 240
Fine gray argillaceous sandsto! 5 245
Fine white sandstone............. . 5 - 250
Fine gray argillaceous sandstone........................ .. .. 5 255
Ve ne white sandstone............................. e 40 295
Dar ysandyshale.......... ... ... .. .. ... oo, 20 315
Very fine grayish sandstone, more or less argillaceous and shaly............. 10 325
Grayish white sandstone, medium to finegrained......................... 35 360
Fine grained sandstone, argillaceous andshaly............................ 5 365
Verydark gray shale. . . ... ... ... .. ... . . i 5 370
Lli{t. to medium gray shale, non-calcareous. . ............................ 7 377
ost of the sandstone in this well is too fine and close grained to yield -
water freely.
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- IONIA COUNTY.

Ionia. In 1910, E. E. Strope of Mason drilled nine water wells
for the city of Ionia. The striking fact concerning these wells is
that most of them penetrated a gypsum bed at the top of the Coal
Measures. The bed varied in thickness from 4 to 10 feet. Similar
occurrences of gypsum are reported by coal drillers in Saginaw
county. A log and samples of the gypsum were furnished the Sur-

vey by Mr. Strope.

IONIA MUNICIPAL WELL NO. 1.

Location: On the flats of Grand River south of the city. One of 9 wells. Drilled in 1910

by E. E. Strope, Mason, Mich
Elevation 660 = ft. A. T,

- _‘sﬁ

§ | 8
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Sugt::g de its:el
and gravel. . ... ... ... ... i i et it 14 14
‘White harﬁ DB, BOTt . . .. .. e i e a e 28 42
22 64
29 93
4 97
4 101
A
shale 48 223
gt‘tlxgy rock (sandy shale or grit)................c0iiiviiiniinininnnnnnn 43 %(73;
Blue sanda'u') nelTT e R o8 23
White sandstone. . 12 310
Brown shale. . 5 315
Blue sandstone. 16 331
BaIv‘pon limestone (?): 3

5 336
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JACKSON COUNTY.

Jackson. In 1916, the Eastern Michigan Power Co. drilled a well
for water near their plant in Jackson. A careful set of samples
were preserved and furnished to the Survey by Mr. A. R. Purcell,
the well contractor. The samples indicate that the Saginaw Coal
Measures extend to the depth of about 55 feet and -from this depth,
the Parma and Marshall sandstones, generally very fine and locally
very argillaceous, extend to the depth of over 400 feet. Apparently
the chief water bearing horizons are in the upper and lower por-
tions of the sandstone. The sandstone, though fine grained, locally
is poorly cemented and yields water rather freely.

EASTERN MICHIGAN POWER CO. WELL.
Location: At Plant of Eastern Michigan Power Co., corner of Mechamc and Trail Streets,
Jackson. A. R. Purcell, Well Contractor. Rob’t Porlier and C. Imler, drill ers
drilled in 1916. Record by R. A. Smith from samples and data fummhed by A. R. Purcell.

Elevation 940 4 feet. A.T.

§ | &
] g
8| £
g% @
3l =]
Pleistocene or surface deposits:
-Surface material. .. ... ... .. .. i i i i i i e i e i 2 2
Cbal Measures:
‘Fine grained argillaceous sandstone chiefly . .. ........................ 000 33 35
.Soft gray clay e or “fire clay.” Depth of bottom of this uncertain. ..... 20+ 55=
BSoft . dark %ray micaceous and bituminous shale, non-calcareous. Black
specks of bituminous matter. . .. ......... ... .. ittt it 2= 57
Parma and Marshall Sandstones:
Fine grained thin bedded micaceous gray nndstone with numerous black
particles, apparently bituminous matter. 7 64
Gray, sandstone, water bearing..................... - 42 106
- Gray sandstone with very small scattered pebbles or grains of wi 7 113
Soft gray sandetone. .. ..... ...t inriiiei ittt 7 120
Gray calcareous sandstone and streaks of black ehale...................... 7 -127
Gray sandstone with scattered coarser grains; some soft fine gnmed argil-
laceous sandstone probably at bottom. ......................c.00iiinnnn 7 134
Soft fine grained argillaceous sandstone. .................cco.iiiiiiiarannn 35 169
Bluish gray cnlca.reous sandstone, coarser and less argillaceous than above but
becomes finer grained again toward the bOLLOTI. .. ... .ourenrnensnsns 14 183
Gray 6andBtOnNe. . . ... ...ttt ittt e 21 204
Fine grained sandstone. . ....................... s erer e eraeaa e 7 211
Very fine grained gray shaly sandstone. . ............. ..o veveunenn 7 218
Bl u‘ish gray gritty shale and very fine grained shaly grit toward the botto: 14 232
Bluish gray grittyshale.......... ... ... i it iiieienrnnnnnens 239
Bluish gray shaly fine sn.med sandstone and fine grained gray sandston 7 246
Fine grained shaly sandstone and gritty blueshale.................. 7 253
Very gritty blueshale. .. ... ... ... ... ... i ittt iiiiiiiianenns e 28 281
Very eha.ly fine grained sandstone and very llfmt;y ghale.................... 28 309
fine grained sandstone, much less argillaceous........................ 7 316
rigritty bluish Bhale. ... ... ..ottt iiitnienntiesasenecnnensnnss 7 323
Dark gray very calcareous and arglllweous fine grained sandstone.......... 14 337
Gray very shaly grit or fine grained sandstone............................ 7 344
Gray gritty shale and shaly grit or very fine grained shaly sandstone........ 35 379
Fine grained gray calcareous and argillaceous sandstone. . ................. 14 393
Fine grained gray 8andBtone. ... .. ... ..ottt iiiiiiaaienn 7 400
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KENT COUNTY.’

Rockford. The village of Rockford drilled an 8-inch well for
water in 1914. A moderate flow of very hard water being found
between 180 and 190 feet. From descriptions of the well churn-
ings, it is probable that gypsum was encountered in this well, in-
dicating the extension of the Grand Rapids-Grandville gypsum area
northeast of Grand Rapids for a distance of 10 miles or more.

ROCKFORD MUNICIPAL WELL.
Location: Rockford, Kent County. A. H. Smith Com P , Toledo, Oluo contractors. R. H.
Kersey, driller, Well completed in 1914. Record shed by ‘A. H. Smith of 8-inch test
well.  Provisional correlations by R. A. Smith

Elevation 782 = feet. A. T.
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Pleistocene or glacial deposits:

T T 35 35
1l\!/[lug é:.lay. TR 42 gg
u gand.........
cﬁ; .................... 40 125
Cha.lky substa.nce (gypsum(?]). 2 127

Coal Measures or Michigan series:

Bhale TOCK . . . ..ot e 53 180
Wa;er bearmg rock. Flow 21 gallons per minute at 185 tt temperature o

............................................................. 10 190
Rock cryswls ......................................................... 11" 101
Shale and clay. Water not increased below 185ft........... R R 19 210

Two-of the wells shot which increased their flow.
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LENAWEE COUNTY.

Blissfield. The Continental Sugar Co. of Blissfield drilled a test
well for water in 1914. The rock waters were found to be more or
less strongly sulphated. A suitable water supply was afterward
found in sand and gravel beds near the base of the overlying drift.

TEST WELL OF CONTINENTAL SUGAR CO.
Location: Near plant of Continenta.l Sugar Co., Bliesfield, T. 7 8., 5 E.,j Lenawee County.
Drilled in 1914 bg m. C. Mohr. Record by R. A. Smith from drmer 6] log and notes fur-
nished by A. mith of A. H. Smith Company, Toledo, Ohio.

Elevation 690 = ft. A. T.
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Pleistocene or surface deposits:
Sand (estimated). .. ........ .. it i i i i i e 10 10
Blue clay (estimated I) .................................................. 40 = 50 =
Hard pan (possibly Illinoian tlll) ........................................ 30= 80
Sand and water BIBVEl. . .. it i i i e e i i e 23 824
(estimated at 2 to 3 ft.)
Unrecorded, probably hard clay or “hard pan™. ..................cc0unn. 22} | 105
Anmm slmle.
............................................................ 100 | 205
Blmk ah&le with a vein of gas at 240 ft..... ettt e i i 100 =| 305 =
Traverse (Hamilton and Marcellus formation):
Soapstone and mixed rock (probably calcareous shale and thin hard beds of
limestone and shales). Strong flow of black water eaturated with sul-
hur and salt. Water v« t:rdy rank from hydrogen sul{)hide and iron. 45 350
Vein of clear water saturated with 30 percent of ealt at....................|...... 380
ard sand like rock—would cut glass, 3to4ft. thickat...................[...... 405
Limestone (probably Dundee limestone in pan.) e 547
5% inch casing to 440 ft. 41 inch casing below.
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LIVINGSTON COUNTY.

Howell. A water well was drilled for the Howell Water Works
by A. R. Purcell of Jackson who furnished the Survey a complete
set of samples. This well shows that locally the Coal Measures
down to 329 feet are largely very fine grained sandstone and shale
and yield scant supplies of water. The most promising source of
supply appears to be in the sand and gravel just above bed rock.

HOWELL MUNICIPAL WELL NO. 4.

Location: At Water plant, Howell, Mich. Drilled in s?ring of 1917 bﬂ A. R. Purcell, Well
go!;{ralt,:lt;or. l.lI ackson, Mich. Record by R. A. Smith from samples taken every five feet by
. R. Purcell.

Elevation about 915 feet. A. T.
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Pleistocene or surface deposits:
Blue ClaY . . ...t i i i i i e i i e et i ey 5 5
Gravel, very coarse at toP. .. ... ..ottt it it et i, 10 15
Fine Bravel. ..... ... i veiieneonrenennsonsoasoeaoaonnnananns .. 20 35
Coarse gravel, waterbearin‘g ................................... 10 45
Sand, gravelly at top grading to fine sand at bottom, water bearing 15 60
Fineloamy 8and........c.o.itiuiiiinrnenrnenennnenenenannnens 15 75
Darkclay.................. 5 80
Fine sand, coarser at bottom. . 10 90
Coarse sand, water bearing. ... ... ... ciuititiniiiiiiiiinenenenennnnnn 10 100
Coal Measures: .
Fine gray 88NdBtONe. .. ... ...t vitteinieieneeeetnenenensnrnenensaesenans 10 110
Soft blue non-calcareous shale. . . ........ ... ... iiiiiriinnennnnnannnn 5 115
Fine %rained sandstone apparently with shaly streak at 135feet............ 25 140
Very fine close grained gray sandstone clayey and calcareous............... 10 150
Blue shale, apparently soft, slightly calcareous.......................un.. 25 175
Very-fine and close grained calcareous gray sandstoneorgrit............... 10 185
Very fine and close grained calcareous gray sandgtone with a streak of blue 8 L
L .
Vi fine and close grained gray calcareous sandstone with clayey partings 25 215
%l;t?bllige shale. aicarecie it with clayey pa O y y ....... . {g ﬁg
e e gray calcareous with clayey partings. . ......................
%?E;ﬁ sﬁaﬂ. Y i At st e 5| 280
ue and gray shale an careous gray @rit.....................
Black and brown 8hale. . . ... .....iiiiiiiieiiie i et i 15 275
Dark gray calcareous shale. .. ...........viiitniiii it iiiiiirnnenennnnn 15 290
Black and brown hale. . . . ...o..ititiiiiiii i e 39 329
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Cohoctah Township. A well was drilled for water by Frank
Chapman of Fowlerville on the F. & C. Burkhart farm about 10
miles northwest of Howell in Cohoctah township. A detailed log
and a set of samples were preserved for the Survey by Mr. .Chap-
man. Very little water was found at any horizon and brine was
below 400 feet. The fine-grained -closely cemented sandstone
and gritty shales provisionally referred to the Marshall are very
similar to the section below 55 feet in the Eastern Michigan Power
Co. well at Jackson, a record of which appears on another page of
this report.

F. & C. BURKART WELL.
Location: Just south of W. } corner sec. 33, T. 4 N., R. 4 E,, Livingston Co. Farm of Frank
and Claude Burkart. .Drilled in 1915 by Frank Chapman, Fowlerville, Mich. Record
by R. A. Smith from samples and data furnished by Frank Chapman.

Elevation about 915 ft. A. T.

-
|2
g .. s
- =
€8 | B
a% 3
13 =]
Pleistocene or surface deposits:
Light sand. ... 20 20
Fine water san 12 32
Hard pan..... e 35
Blue boulder clay—Boulder shot at 47 ft 12 - 47
Yellow and blue clay—Boulder shot at 88 ft .. 41 88
Watersand and blueclay............ccoivuiiiinnnnnnnnnnn. [P 27 115
Coal Measures: : .
Shaleand sandrock.......................... e e 3 118
Apparently a little lime rock at 116 ft.
SOADPBLONE. . .. .\t ttt it e e e 27 12
Last shot to get casing through sandstone.
UnrePOTted . . o .ottt e 5 125
Drove 3% inch casing to 125 ft.
Blue shale and sandstone alternating, the shale soft and ‘' dissolved,” i. e.
slacked quickly in water. At 150-170 ft. largest supply of water; poor and
muddy. At 253 ft. sulphate water................ .. ... ... ... 0., 135 | 260
Shale and sandstone mixed with whiteclay.............................. 35 295
Parma sandstone: .
Fair 8aNAroCK. . .. ov ittt e e e 20 315
Blueshale. .. ..........oiiiiitiiiiii i e e, - -8 323
Light andy grit. . .........ooiiiiiiiiiiiiiiiii it iiiiiiiaiiiaaannn, 22 345
Mich!gnn Series (?) (Bayport limestone absent?):
Light colored so)t roci like gypsum. .. ...ttt 7 352
Sand and gIit. . .. ... ... i e i 3-6"| 355-6"
Cased with 2 inch casing inside the 33 inch to 355 ft. 6 in
Fine grained gray micaceous sandstone. . . ..l 4-6° 360
Soft blue and white clay shale........... ......| 3-2°|363-2"
Ceased drilling until Sept. 22, 1915. Samples from 360 ft. to bottom of well.
%o(h:hale‘.ﬁ....mi.d...a. ....... o ahaig Tttt l—lg' ggg
y fine grained sandy or gritty shale.......... P S
Soft blue shale, calcareous. .. ............ciiiiiriieeeeernnnnninnnnennns 2 370
Fine grained calcareous sandstone, easy drilling........................... 2 372
Hard fine grained brownish gray bituminous sandstone, hard to drill. . ..... . 1 373
Smooth unctuous brown bituminousshale................................ 13 386
Hard brown and black shale. . . ............coiiiiiuiniiiinniinnennan.. 0-6°| 386-6"
Blue, n an%‘fm Hmestone. . . ......ooiiiut it 0-6* 387
Very fine grain careous, argillaceous and pyritic sandstone............. 1 388
Fine %rained ferruginous and shaly sandstone............................. 2 390
Very fine grained white sandstone.........................coiviiiiaann.. 5 395
2 inches blue shale or clay at 394 ft. 6 in.
Gray sandstone and light blueshale..................................... 1 396
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Marshall sandstone (?): .
Fine grained calcareous sandstone, hard driling..............cc.ceven.oons 4 400
Water Iresh or only slightly brackish at 396 it., salt increasing with depth, !
brine at 400 ft. .
Ve‘ fine grained calcareous sandstone (mod. eff.) and some sandy gray shale. 2 02
Flne ned white and gray sandstone, very calcareous, (Vig. eff.) *“Very ‘
cuts Hke flint . . ... ittt s i e e e 3 405
nght b fine grained sandstone with a thin layer of chert at the top. - 2 407
Buff ﬂne grained sandstone. ‘' Elastic, cuts like gypsum” 5 412
Very fine grained buff gray sandstone. ‘ Chips come u; cuts harder" 4 416
"No chlpe. softer; easy cutting. Drill mds covered with a white sc .. 4 420
‘White very fine gmined calcareous 8andstone. ... ... ... eeiiiieineenan 5 425
Gray very fine grained sandstone or grit. “About 8 inches of hard stone at 434 | . *
ft.1in. Alittlesalt water’” . ... ... ...iiiiiiiienniierannnernnieannns 9-9°| 434-97
Blue gritty shale. ‘‘Cuts hard.”.”. .. . . .. . 0. e ete et s © 3 | 437-9°
Fine grained gray sandstone or grit. Cutshard........................ 4-3° 442
Dark blue shale and streaks of fine grained grit. Cuts very hard. Used 3
drills and reamer could get nothing from ft. 3 in. to 445 ft. 9in. Brine 3 445
‘‘ White shale between streaks of hard fine grained grit”................... 2 447
Hard fine grained sandstone, CAlCAT@OUB. ... .. ....cvviternenenenenrnsnanns 2 449
Alternating layers of dark gray shale and fine grained sandstone, lmrder
toward e bg;tom d::le foot ::i {larl:lmwmmmous shale. . 2 :gg
grained sandstone or an careous gray shal
Soertydsrk gray bituminous and calcareous shale... ... y ... -1 460
So;t :ery dark gray shale and streake of fine grained grit about every five '15 475
(L
Soft ﬂl;ergralned sandstone with hard streaks about 6 inches thick.......... 10 485
Ve fine grained sandstone or grit. Noshale....................... 1-8°| 486-8°

e and fine sandstone to (NOBAMPIEs) . .. .....ccvvvvenrnrnenrnrnenannns
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MACOMB COUNTY.

Mt. Clemens. A number of deep wells have been drilled by the
various bathing establishments at Mt. Clemens. A record of one of
the older wells, the Carson, was published in Publication 14. The
records of the Olympia and Clementine bath house wells were fur-
nished the survey by Dr. G. A. Persson of Mt. Clemens. The Clem-
entine well is 1,500 feet in depth but the record is very unsatisfac-
tory. The Olympia well is shallower but the record, given below, is
more satisfactory.

The rock waters are more highly mineralized with’ depth, there-
fore most of the wells are drilled to the depths necessary to obtain
water having a specific gravity or “strength” sufficient to exert a
decided buoying up effect on the bather. Some of the wells yield
considerable gas which is used in firing the boilers used for pump-
ing and heating purposes.

THE OLYMPIA WELL.

Location: At Olympia Bath House, Mt. Clemens Macomb County. Record from Dr. G. A.
Persson, Mt. Clemens. Correlations by R. A. Smith.
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Pleistocene or glacial deposits:
Clayp ................................................ 40 40
Band . ... e e, 98 138
Antrim shale:
Black slateorshale. . ............ ..o it ... 118 254
Traverse formation:
hite lime, .. .. ... ... e 46 300
Sonpctone orcalcarequs ghale............. ... ... ... ..o iiiiiiiiiiiian, 100 400
Lime. . .. e 10 410
Shn.le ................................................................ 20 430
Dundee (Onondaga) limesbone and Upper Monroe or Detroit River series:
B.ed lime. Waterat620feet....................c0c00vnnunnn. SN 470 900
lime. (Upper part of Sylvania ?) ...t 75 975
Sylv a sandstone—Whitesand.................... it 556 | 1,030
Lower Monroe or Bass Island series—Gray lime.................... ..., 235 | 1,265
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Mt. Clemens. In 1913, F. E. Spence of Detroit drilled a well 3,182
feet in depth for oil on the Denewelt Brothers farm about two and
one-half miles north of Mt. Clemens. At this depth, the cable broke.
The well penetrated the red Queenston shales at the top of the Rich-
mondian but was abandoned. No noteworthy mgns of oil or gas
were reported.

A good driller’s log was furnished the Survey in 1915 by Mr.
Spence. According to the log the aggregate thickness of the salt
beds is 576 feet, comparable to the thicknesses of the salt beds pene-
trated at Royal Oak, Oakland county, and at Dearborn, Wayne
county. Near the bottom of the salt bearing horizon, one bed is
316 feet thick and probably is to be correlated with the thick bed
penetrated in the deeper wells to the southwest along Detroit River.
Very probably this bed contains partings of dolomite and shale.

DENEWELT BROS. WELL.
Locatxon Two and one—h,al! miles north of Mt. Clemens on Denewelt Bros. farm. T. 3 N.
R. 13 E. Drilled in 1913 by F. E. Spence, 44 Mt. Vernon Ave., Detroit, Michigan. Record
by R. A. Smith from driller’s log furnished by F. E. Spence.

Elevation about 610 (?) feet.

R -
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Pleistocene or surface depos
Chiefly clay with thm beds or sand and gravel; 10 inch drive pipe to 213 ft;
8inch to 244 ft. .. ... ... ottt it 244 244
Antrim shale: )

Limestone (probably in part dolomite and iron carbonate concretions)....... 10 254

Black BIale. . . ... e e ettt 46 300
Traverse formation (Hamilton):

Limestone and shale. .................uuuiiiiieinneiimiiiiianenaanan., 50 350

Hard sandy hmestone ................................................. 25 375

Limestone and ghale. ........... ... .0uiiiiieanennneeeeeennnnnannannnnn 25 400

‘White shale (Bell or MarcelluB)..........c.oovverveeennneeennnerennannnnn 175 575
Dundee (Onondaga.) limestone:

Hard limestone. . e 25 600

estone. ...... 75 675
Salt water to 660 ft. Line of separation between Dundee and 'Upper Monroe
not recognized but should occur between 675 and 7
Upper Monroe or Detroit River Series—Limestone (dolomite)................ 305 980
Sylvania or Middle Monroe:

Fine sand (white sandstone resembling granulated sugar{?})................ 150 | 1,130
Lower Monroe or Bass Island Series—Fine grained limestone (dolomite). ...... 370 | 1,500
Salina formation:

Roc] 40 | 1,540

15 { 1,555
75 ,830
42 | 1,672
62 | 1,734
103 ,837
33 | 1,870
10 | 1,880
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Thickness.
feet.

Depth, feet.

e (dulomite). .

Un rr\wt formation:

m‘\ rock (red shale or clay)......
hitewhale. ...................
Amestone (Manitoulin). ........

(%] wnaton Shale.............
.ltod rock (red shale and clay
ldmestone. . ..............

" r;c stalline dolomites of H. R. Ford
't Motor Co. well, Highland Park,
L Oil Co. W Leamtngton. Ont. from
Ay thln and probably gray argillaceous

Lost tools in hole and abandoned well. Top of Trenton is probably 350 t.

or more below bottom of hole.

®
aR

175

N RN

g 358BER
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MANISTEE COUNTY.
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Manistee. In 1913 the Louis Sands Salt and Lumber Co. of Man-
istee drilled a new salt well at their plant. A very complete log
and set of samples were preserved for the Survey by Mr. C. W.
Smith, President of the company. Particular attention was di-
rected toward the possible occurrence of commercially important
quantities of oil and gas but only a strong smell of petroleum was
struck at about 1,305 feet, and other depths below. A rock salt bed

over 27 feet thick was struck at 1,987 feet.

LOUIS SANDS SALT AND LUMBER ,COMPANY WELL NO.

4.

Locatlon South end of Cross St. and 132 ft. 4 in. south of south line of Lake St., Manistee;
also 105 ft. south of No. 3 well and 276 ft. west; and 113 ft. 4 in. south of No. 2 well, and

56 ft. 9 in. west of same. Drilled by Peter McGeha.n. Well was begun Aug.

7,

i913.

Record by R. A. Smith from a very complete set of samples and from a carefully made log

by T. B. Jones, Supt. Samples and log furnished by C. W. Smith, President.

Elevation of well 17 ft. 10 in. above Lake Manistee, or 598 ft. A. T.
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Pleletocene or glacial deposits:

Yellow BN . .. . ..ottt ittt i i it i e e 7-10"| 7-10*
Coarse sand and finegravel............. e e 20 | 27-10*
Fine light yellow sand. ... ..............0iiiuniiiiiiniiinrnennnneannnnn 18-8"| 46-6"
Coarse sand with very coarse gravel and stone at 95ft............ ...| 48-8" 95
Very calcareous reddish brown clay; Viol. eff. with eold dilute HCI1 3 98
Snnd and finegravel.................. 22 120

ery calcareous reddish brown clay; viol. . 4 124
Fine yellowish white sand; water temp. 63° F . 16 140
Fine yellowish White BARA ... ... .. ...........cc00veunsrmsrniinins 13 153
Partly carbonized wood—stems and branches of plants and a cone from some

cone bl;a!uing plant; cone similar to a small pine cone. Pre-Wisconsin 153
I"ine yellowmh whitesand........ .. ... ivitiiiiiiiiiiiiiiiianennnn, 28 181
Bmwnleh red clay, very calcareous; viol. eff.............................. 4 185

ellowish gray sand and finegravel............................... 2 187
ngm blue very calcareous clay; viol. eff. (just enough for sample). Black :
bonaceous loam; mod. eff.; 'much carbonaceous material, bits of carbon- .
lant stems, etc., *‘Just eno h forsample.” at....................0...... 187
caﬁm'eoua sand and gravel. Pebbles of umeptone and chert form a con- .
picuous proportion of all the gmvels down to this point. . 23 210
Yellowish gray sand and gravel............................ . 2 212
sv‘;hll:e “ ulckuneﬂ d”—fine calcareous sand with 10 to 15 percent of marl 2 214
S 2 (53 -« Y
Sand and gravel, * water sand " of driller, water temp. 62°F............... 2 216
‘*‘Quicksand inside of 10° *‘drive pipe for 150 ft.”
Sand and gravel with water (sample mainly gravel)....................... 22 | 238-7°
Extremely calcareous light gray clay; vig. eff. Clay apparently 20% to 259, 5 | 24377
gellowila.h whlbeaimdh—g;;quickﬁa nd’’ Dby i ice t....i.‘.....t.ﬁ....‘.kéé.a. 24 | 267-7
. Gray clay; sample cl 6an proa. n great part from the quicksan
- ]: veé“l Water ’t %29 ¥t —c'flem 3 hlgl'-d ..... vig el 1—45' 3-?3
lcareous gra y and ‘‘hardpan;"”

caleareoue red clay; ¥o .............. 25 298

cJ sand—* qulckeand" ‘‘hardpan’’ 115 413

careous clay—‘‘hardpan”...... 1 414

Flne owish gray sand with water; Temp 53°F 2| 416
and ve calcareous clay, “hard .......... - 22 438
‘ﬂne owish BTAY BANA. ... . it it e 17 455
and light gray calcareous clay and “hardpan”........................ 26 481

. Red calcareous clay and fine yellowish graysand.......................... 14 495
Red ealmreous boulder Clay. . ...... ... iitiiintiiieiiinnannnaraannan 351 530
gravel and red clay "some gas"—the first struck.................,. 23 553

“Stro indications of down to 118 ft. Pressure C] 5 1bs. after
h% stood 12 hrs.; K;‘: cased off with 8 ‘in. drive plg:g reg.
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Dark blue sticky clay, some gas—non-calcareous; littleeff. ................ 43 596
Light blue non-calcareous clay; littleeff. . ..............c.cc0iiierunnnn. 16 612
Coldwater (Cuyahoga) shale: .
Light blue shale; slightly eff. .. ...... .. ... .. .00ttt iiininennnrnrnnnns 6 618

8 ft. drive pipe drove to 627 ft. 8} in.

Blue shale—some light blue; non-calcareous.................... .. .c.vvu.. 92 710
Antrim (Genesee) shale:

Dark gray and black shale, some very bituminous streaks.................. 30 740

‘‘Brown shale’’ and ‘‘strong smell of crude oil”” at 710 ft. The brown color

is Erobably the red top of the Antrirh. ‘
Black and brown very bituminous shale, pyTites. . ..............covvnivenn.. 87 827

‘* Dark brown shale and strong smell of crude oil.”’

Very bituminous dark brown shale. . ............coiieiiiiiiiiinineeenae 13 840
Dark brown bituminousshale. . .......................... e 23 863
Black and very dark gray bituminous shale with streaks of blue.......... 11 874
Dark brown and very bituminous ehale; powder burns readily before the
owpipe,........... e, . 5% 879
Dark to light brown bituminous shale . 23 902
Dark brown bituminousshale. . ..................... 10 912
Traverse (Hamilton) formation:
Gragr to dark gray and black bituminous pyritic shale, some limestone. Vig. 2 °

= T 1 33
Gray limestone, dark gray and brown calcareous shale limestone; Vig. eff. . . .. 12 945
Chiefly gray dense grained limestone, some very calcareous shale and shaly

1 t Li t vig. eff. with large residueof clay................. 7 952
Dense grained gray limestone, vig. eff............ ... ... . 0ot 12 964
Very ca. Eareous blue shale and argillaceous limestone, pyritic and fossiliferous; 1 74

2 - - 5 0 9
Hnrlg gray limestone; vig. eff. Black waterat 983 ft...................... 9 983
Buff gray limestone chiefly with some white; vig. eff. *‘ Water filled hole to

B0 0300 g 43 o7 20| 1,003
Buff to eg y bituminous limestone, some white; ‘‘salt and pepper'’ limestone;

. _ vig. eff. “Consgiderable amount of bituminous oily matter. ............... 25§ 1,023
. Buff gray and white limestone, more white limestone and less oily matter than

in sample preceding. ‘“‘Salt & pepper’” limestone. Pure white chalk or

marl at 1,028, reported by driller as “ gypsum and only enough for a sample’’

but the material violently eff. and completely dissolves in cold dilute HCI. . 5| 1,028
Blue, non-calcareous shale with pure white chalk or marl similar to above.

Probably from the seam at 1,028....................itteiunrnnrnnann.s 711,035
Brown to buff hard sandy and bituminous limestone; vig. eff.; residue 20%,
pure :Zhite quartz sand with round uniform grains. Much oiiy bituminous 1.041

10T 3 1 O ,04
Sandy white finely crystalline limestone; vig. eff. 109 white quartz sand

residue. *Only enough for a sample.” eak mineralized brine at...... ce.aelf 1,041
Buff am‘if gray bituminous limestone, some white * salt and pepper’’ limestone; 20 | 1.061

VIg. O . e . .
Gray very calcareous shale; vig. eff. 809, clay residue .. 31| 1,092
Crevice OF BeOA@. . .. . ...ttt ittt it te e ta i aenae e ansnananeanasns 311,095
‘White chalk or marl, vig. eff.; practically all dissolves. ‘‘Only enough for

BamPle At . ... ... e it 1,095
Light Yy to light buff limestone, and chalk or marl; vig. eff............... 201 1,115
Dark brown and black bituminous shale and limestone, gray and buff fossili-

ferous limestone; vig. eff. Large amount of bituminous and oily matter.

Shells of Atrypa reticularis................. bttt e teesaeannan 10 { 1,125
Gray and buff gray limestone, vig. eff. ............. ... .. ... ... . .. ....... 20 | 1,145
‘White gray very pyritic limestone and much gray chert; vig. eff. Pyrite

chiefly in white limestone in minute crystals........................ 32| 1,177
Soft gray calcareous shale; vig. eff......... ... ... ... ... .. 0 i iiiiiiinnn 24 11,201
Gray limestone with some ghale; vig. eff. ....... .. ... ... ... ... ..... ... 15 | 1,229
Gra.{ shale, limestone and chert; vig. eff. A little gypsum, crystals of

Belenite. .. . ... e 23 | 1,252
Dark brown bituminous limestone with white limestone; vig. eff. ........... 10 | 1,262
Buff gray and white limestone; viol. eff. .. ............ ... . .. ...... ... ... 111 1,273
Grayish buff limestone; vig. eff.; some gypsum, massive crystalline variety. .| 911,282
Light grayish buff limestone; vig. eff. ... ... ....................... ..., 511,287
Hard light yellow and dark grayish buff limestone; vig. eff. ................ 811,293
Chiefiy dark grayish buff limestone, bituminous and argillaceous. Residue

10 to 15% of clay. Much oily and bituminous matter. Vig. eff....... .- 12 | 1,305
Brown and Dlack bituminous limestone and white limestone. The white is .

apparently from heads of stromatopora imbedded in the matrix of brown

and black bituminous limestone similar to the Rockport beds at the base of

the Traverse. ‘‘Soft easy drilling. Strong smell of petroleum”........ 3] 1,308
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Light brown bituminous and white stromatoporoid; limestone vig. eff........ 28 | 1,336
Light brown bituminous and white stromatoporoid limestone; Leff....... B 16 | 1,352
Chiefly veﬁlbnuminous black and brown limestone, a little white stromato- :
oid estone; vig. eff. Strong smell petroleum, large amount of
ituminous matter. . . ... ... .. i i e e it 23 | 1,375
Brown and black very bituminoua limestone, some white stromatopora rock.
Strong smell of petroleum and a large amount of bituminous matter. . ... 711,382
Light buff, brown, very bituminous black limestone; some white coralline and
stromatoporoid rock; vig. eff.; considerable amount of bituminous matter.. . 18 | 1,400
grayish buff, brown, and black bituminous limestone, some white; 5|1 415
20 2 4
Hard, grayish, buff, brown and black bituminous limestone, a little white
calcite and white limestone, vig. eff........... ... ...ttt iiinininan. 26 | 1,441
Grayish buff, brown, black, bituminous limestone, considerable calcite and
grayish white crystalline limestone; vlg. eff.; considerable bituminous
matter. ‘‘Soft rock, easy drilling’’ from 1,441 to 1,469feet.............. 28 | 1,469
Dark grayish brown and some black limestone; vig. eff.; very little white
limestone, very bituminous. .. .......covtitietiernennenernaeeannaennnn 25 | 1,494
Bell él(:{arcellui) ghale:
ft calcareous shale; mod. eff. Caves.
According to log this is given as ‘ Dark-gray lime rock’” but the sample
is labelled ‘“‘gray shale, caving rock™”............c.cvuiuuivinnnannns.n 33 | 1,527
Gray htly calcareous shale; mod. eff. Caves; apparently somewhat harder
PhAR ADOVe. .. ... i it 11 | 1,538
Dundee (Onondaga) limestone: )
Soft, very ];n tic white to buff gray limestone; large residue of insoluble
material chiefly pyrite and argillaceous matter most of which was apparently
from the shale above. Very viol. eff.............c.0.oiiviennnrncnnnns 18 | 1,556
Soft pyritic buff gray limestone; some white; vig. eff. *‘Soft easy drilling"”
from 1,527 t0 1,580 000, ... .. .....00iieeereeeennnerrunenosnneennnnans 24 | 1,580
Hard sra.y pyritic limestone; some white; viol. eff. . ....................... 19 | 1,599
Hard dark mx Kyritic limestone, some white and some black bituminous
limestone. ttle white quartz sand; mod. eff........................ 8| 1,607
Hard dark buff gray very bituminous pyritic limestone, some small white
rounded quartz grains; viol. eff. Put in 5 to 6 inch finer pipe to depth
Of 1,820 ft. .. ... .. ... .. iieiiennneeeuneaneeononnsonaconasnnnnans 27 | 1,634
Hard brown very bituminous limestone; very viol. eff. .. .................. 811,642
Very hard brown and very bituminous and pyritic limestone, viol. eff. A
little white quartz sand. Much black bituminous residue............... 12 | 1,654
Very hard llil,lt grayish buff limestone, very little I)ym.e and bituminous
matter. “Very hard dri "’ from 1599 to 1675 feet 21| 1,875
Soft buff limestone, viol. eff. ‘“stro 5| 1,680
Very hard grayish buff limestone, viol. eft 36 | 1,716
Monroe formation:
ht brown magnesian limestone, very bituminous and appatently very hard.
od. to brisk eff.; éffervescence much slower thar in any of the preceding
samples of HHmeBtONe. . . ... ... ... ..o iiriiieiieniernerenrenanennenns 15 | 1,731
Gray and brown bituminous limestone, viol. eff............. eaesesaceseans 511,736
Chiefly dark grayish brown bituminous dolomite, very bituminous. Some
v black particles of limestone aad consjderable pure white limestone
and calcite, probably from geddes and fossiliferousrock.................. 27 | 1,763
Light brown dolomite; brine and strong smell of petroleum at 1,766 feet; 30
percent briieat 1,780 fekt. . ........ ... ... ittt 16 | 1,780
Light brown dolomite. . ..... e e et e ee e e e e ae e ey s e 69 | 1,849
Hard light brown dolomité, with soft strata at about 1,942 (f) ft. " Brine
81 pér cent, salinometeér te8t................c.0iieiireiaiieeiaaann 137 | 1,987
na formation
- (N veee. | 27-8°] 2014-6°
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MARINETTE, WISCONSIN.

Marinette. Two wells were drilled by the city of Marinette, Wis-
consin, which is across the river from the city of Menominee, Mich-
igan. The first hole was drilled only 716 feet and the tools lost at
that depth, but the second hole, only eight feet from -the first was
drilled 978 feet deep, penetrating the pre-Cambrian rocks for nearly
200 feet. A brief record of the first well was published in the An-
nual Report of the Geological Survey for 1903 and a summary
record of the second well in the Annual Report for 1904. A good
set of samples were preserved from the second well. A study of
the samples and especially a comparison with the very complete
sets of samples from the recent borings at Escanaba and Pine
Ridge, Delta county (see Delta county) throw much light on the
geology along the west side of Green Bay. For this reason it has
been -deemed advisable to pubhsh the record of the deeper Marin-
nette well in detail.

MARINETTE MUNICIPAL WELL NO. 2.
Location: At city water works, Marinette, Wis. Samples preserved by H. Simcox. Re-
cord by R. A. Smith from sam; les. and data published in the Annual Reports of The Geolog-
ical Survey for 1903 and 1

Elevation about 600 (?) feet A. T.

Thicknese,
feet.
Depth, feet.

Pleistocene or glacinl deposite—Sand and gravel. . ................. .. 0. 69 69
Galena-Trenton:

Ver‘vsﬁ)rlght buff dolomite, mod. toslow eff......................couiun.ns 31 100

gray, crystalline dolomite, some light eolored sandy dolomite; rounded . .

quartz grains embedded in the dolomite; mod. eff.................... 25 125

Sandy ‘‘salt and pepper’ dolomite—a mixture of white and bluish gray, |
- crystalline dolomite Considerable amount of rounded, colorless quartz

L2 T 20 145
Sandy gray to white crystalline dolomite, slow eff. considerable colorless | .,
QUBTEZ BRI . . ... . i i e 15. 160

- Gray to dark grag crystalline dolomite, slow ef!. a little white sand.......... - 15 175
Gray crystalline olomite, slow eff.;: a Tittle white 8nd. ...............0o0.. 15 190
‘White and light buff crystalline dolomite, slow eff. some blue shale and color- .

- leBB QUATEZ BBIA. . . . ... .t . 25 ). .215
Gray t.o light buff crystalline dolomite, slow eff.; a fragment of dark brown 1
-« dolomite; some colorless rounded quartz grains ‘embedded in the dolomite. . 10 |- . 225
Grayish buft, crystalline dolomite with some gray dolomite; slow eff......... 20 245

‘White sandstone; rounded, colorless quartz grains embedded in a matrix of |-+ . -

.- - white dolomige—chamtenstlc some fragments of dolomite............ 15 | . 260
Sandy, dark brownish and white dolomite. .. ..................00.00. 15 275
Bluis gray. ‘dolomitic shale, or very argillaceous dolomite, and gray dolomltae. -

very pyritic in places; slow eff. .. ..................c..000iiainienn.n 15 290
Dark and light gray,. fine grained, argillaceous dolomite, and gray dolomite;
slow eff.; very pyriticin places. . ............ ... o ittt i 35 325

St. Peter sandstone:

Pure white sandstone, some fragments of dolomite. ....................... 40 365

‘White to yellowish gray and white dolomite, very sandy in places........... 35 400
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Beekmantown or ‘‘ Calciferous’’ sandstone:
White dolomite and some dark red shale and argillaceous dolomite, slow eff.;
some rounded white quartz sand...........c.cviiii ittt iii i 20 420
Jordan sandstone—Pure white sandstone with some dolomite near the top. ..., 40 460
St. Lawrence:
Gray sandstone and sandy dolomite..............0oiiiiirirniniennninan 70°{- 530
Gray sandstone with some sandy dolomite. Rounded oolorless quartz grains
embedded in the dolOmIte. ... .. ......oovievreneenresneneensonnonnannn 20 550
Very white sandy, crystalline dolomite................................ 10 560
Lake Superior or Potsdam sandstone:
Pure white sandstone. ... ... ... ... .ccii ittt ininneneneennennsnannas 20 580
Grayish white sandstone; rounded, eolorless quarts grains 20 600
Pure whitesandstone. ...............c.o0iiiinnienn.. 60 660
Greenish whitesandstone. ............................ 40 700
White 8aNABLONE. . .. ..ottt ittt i e e e it e 60 760
Reddish white sandstone, most grains stained yelloworred................ 15 775
ht brick red quartzite and white sandstone. Evidently the sample at
795 was from the top of the Pre-Cambrian quartzite.................... 20 795
Pre-Cambrian (Huronian [1?] ):
Jaspilitic arkose. uartzite of various shades of red with white mica, pyrite,
feldspar, e much stained, colored by ‘iron oxide. Artesian
water struck P R 2 S S 183 978
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MIDLAND COUNTY.

Sanford. A well 400 feet in depth was drilled at Sanford to se-
cure an adequate supply of water for the proposed State Sanitor-
ium for Tuberculosis. In the first well there were no fresh water-
bearing strata in the surface deposits or in the bed rocks below. A
little salt water was encountered below 228 feet. A second well
400 feet from the first was drilled to the depth of 245 feet. These
and other wells indicate that the underground supplies of fresh
water in the vicinity of Sanford are limited.

SANFORD SANITORIUM WELL NO. 1.
Location Near slte of propoeed State Sanitorium for Tuberculosis, Sanford, Midland Co.,
T.15 N.,, R. 1 W. Drilled in 1914. Record furnished by Dr. E. B. Pierce, Superintendent
of Michlgnn State Sanitorium at Howell.

Elevation about 620 A. T.

Thickness, Depth
feet. feet.

Pleist?ioene or glacial depth:

...................................................... 5 5

L0 P 46 51

Ha.rdpan..........: ........................................ 175 226
aw Coal Measures:

...................................................... 2 228

Smdrock andshale 1% brine..............cocoiiiiiiiinnnnns 108 334

Depthof Well. .. ooiiineinitniiiieneeneeneeneeneeneensesnefoseeennnnnns 400

Test well No. 2 was driven to the depth of 245 feet, 400 feet from
the first, with similar results,
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OAKLAND COUNTY.

Avon Township. D. M. Ferry and Co. drilled a number of test
wells for water on their seed farm near Rochester. The surface de-
posits contained only very thin beds of sand and gravel, yielding
but a scanty supply of water. The deepest well penetrated rock
and struck brine in the Berea sandstone. A suitable supply of
fresh water was found in the drift by directing exploration north-
west from the farm toward the morainic country.

D. M. FERRY & Co. WELL NO. 1.
Location: Center-south Section 23, Avon Twp. (T. 3 N,, R. ll E& Oakland Co. Drilled
Sept. 1912, 5 Phillips, Troy. Contractor for D. M. 0. of Detroit. Record
furnished by Phelps .

Elevation about 760 feet. *

Thickness, ‘Depth -
feet. feet.
Pleistocene or glacial deposits: . T
Blue'cixi‘.'iiiIiIIiIIIZiIZiZIIZI """"""""""""""" 121 128
Fine smd streaked with hard pan 10 138
Sand hardpan. .. ... ... ..ottt e 27 165
Coldwater ghale: )
Blueshale........................... it i 15 180
Black shale and slate rock. .............cooieniiennnennnnnnan 45 225
Watershales. ...ttt 5 230
Berea sandstone: .
Sandstone....... et eeeaeeee ettt e 50 280
Antrim shale:
Gray 8h8le. . . ...iiiii it it i i e e, ' 375
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OTTAWA COUNTY.

Zeeland. A test well for water was drilled in 1913 for the vil-
lage of Zeeland. Very little water was found in the drift and brine
was struck in the Coldwater shale below. Zeeland is near the
feather edge of the Marshall sandstone. In a later well, water was
struck in considerable quantity in an outlier of Marshall sandstone
southwest of the village. The record below was compiled from a
sketch furnished by the W. J. Sherman Co. of Toledo.

ZEELAND MUNICIPAL WELL NO. 1.

Location: Zeeland, Michigan. R. 14 W..T. 5 N. Copied by W. J. Sherman Co., Toledo,
hio, from eketch tumished by village authorities December, 1913.

Thickness, Depth
feet. feet.
Pleistocene or Glacial Drift:
Yellowsand..........ooiiiininiiiiiiiiiinineennnnannn e 1.5 1.5
YelloW Clay . . .. ovii et i i i e 5.5 7
Toughblueclay..............oiiiiiiii i, 5 12
Clayandseand mixed............... ... .ciiiiiiiiiinnnnennns 28 40
t water at 40 feet.
San hard pa.n with large boulders e 20 60
Sand hard Pal. . ... ... oo it i i i i i i 65 125
Seam of water sand 125 feet.
Sand hard PaN. ... ...ttt ittt i i it 25 150
Water sand at 150 fee! .
Sand hard. psn with lnrge boulders.............cooiviunvinnann 50 200
Clay hard PaD. .. ..ottt ittt it s e 2 202
Coldwnter shale:

TOCK . . .ottt sttt it eetntaneneanneanasnaanenaannaan 291 493
Brownlsh rock wn.h mica. cee cees T2 495
Gray lime rocK. . . ... ittt ittt e 45 540

Brlne—oo?' salt at 540 feet.
GIBY L@ TOCK . - . v o v eeneeaee et e ene et et e eneaneaneans 37 577
Shale at 577 feet. .
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ROSCOMMON COUNTY.

243

Roscommon. Franz Jahncke began a test well for oil at Roscom-
mon for Walker and Bell of Alpena. At a depth of 874 feet the
well was abandoned. A record was furnished the Survey by Mr.
Jahncke. The Marshall sandstone was 125 feet thick and yielded a

large flow of artesian water.

ROSCOMMON WELL.

Location: Roscommon, Rowo‘t)nmon County. Drilled in 1914 for Walker and Bell Company

y Franz Jahncke of Alpena, Mich
Elevation about 1,125 =.

Thickness, Depth
feet. feet.
Plegistoct:fne ordsurfiace deposits: b red 11 Xin
ostly sand an vel; no gypsum or sharp corne me roc!
the e%nﬁ ...... gra ......................................... 417 417
Michigan Series: ‘
Softsand rock..................c0iiiiiii... 8 425
Black limestone, big flow of mineral wa 06" 425-6"
Hard gray blue rock, very sharp; one bit would not drill more th
10 iNCHES OF 8 FOOb. . . % voseeeernn e e nneeeeenaneeenneens 59-6" 485
Blue Shale............coiiiiiieininnnnnnnnnns esesestsesans 63 548
Upper Marshall:
nd rock, micaceous toward bottom.......................... 125 673
Big flow of water at 550 ft., rising 7 ft. above surface.
Lower Marshall and Coldwater—Blue shale full of gas............. 201 874
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ST. CLAIR COUNTY.

Port Huron. In 1916 the Morton Salt Co. formerly the Port
Huron Salt Co. drilled a deep well for salt of which a careful log
and a complete set of samples were preserved for the Survey. The
following is the record as compiled from the drillers’ log and sam-
ples. The samples were taken every five feet. This made it pos-
gible to draw the line of separation between the Dundee limestone
and the Monroe formation within very narrow limits. The samples
from this well and the wells at Dearborn and Highland Park,
Wayne county, show that in southeastern Michigan the Dundee
limestone has a thickness varying from about 100 feet in the vicin-
ity of Detroit to 125 feet at Port Huron.

MORTON SALT CO. WELL NO. 11.

Location: At Plant, southern part of the city ot Port Huron Well n Ma, 15 1916 com-

gleted Sept. 9, 1916. Drilled by Brogan Company, Port Huron. 'R. A.

mith from a complete set of samples and data furnished by Morton Salt Co. throug C. A.
Sotherland. Samples every 5 feet from depth of 167 feet.

Elevation 24-25 feet above St. Clair River or about 604 feet. A. T.

Thick- Depth
ness, feet. feet.
Pleistocene or surface deposits:
Drift with 2 ft. of gmvel with water 14 ft. 4 in. of 12 in px ....... 12-2° 12-2*
.Clay w of sand and gravel in bottom of clay, st. ga8 but . . .
gr?e shut it off. Rock at 134 feet. Put in 132 ft. 5 in. ol 10 in.
(-3 ) 1 o7 121-10* 134
Antrim shale:
Gra; and brownish black shale, very pyritic in places and very
black 8t 247 b, ... ...ttt it i i i e e e 168 302
Lots of gas from black shale crevice a.t 190 ft. Shale very hard in .
bottom from about 182 to 222 fee!
Traverse formation:
Gray argillaceous limestone; violent effervescence................. 10 312
Gm a.neg buff limestone, hard limestone from 321 feet to 400 feet,
.................................................... 15 327
Halidllhggstone and streaks of gray very calcareous shale—soapstone; 25 352
Hard gray to buff and brownish iiix'xéétb'dé with ‘streake of shale.....[ 40 392
Gray calcareous shale, some limestone. . ......................... 8 400
Gray and buff to dark bituminous limestone with some shale; viol.
........................................................ 12 412
Dark gmg calcareous and fossiliferous shale; some limestone at 510
AR 510 ft. . . i it it i 125 537
Dark bituminoua crystalline limestone, viol. eff., some shale. ....... 5 542
Bell shale:
Dark gray ehale, fossilferous; viol. eff............................ 58 600
Duyndee g)no a(fs) limestone:
li) bituminous limestone; viol. eff. Some shale ap-
parem.l from 8bOVe. . .. .ttt i i e 7 607
Light buff and buff limestone, viol. eff. Hard and slow drilling,
crevice, black water, and gasat 640 feet....................... 35 642
Dark gray and buff limestone, VoL, eff..............oiiorieriinn 5 647
Gray to buff limestone, brown and bltuminous in places, viol. eff.. .. 85 732
Upper Monroe or Detrolt. River Series:
uff dolomite, slow eff............ ... ittt 20 752
Buff and brown to black bituminous dolomite with shaly streaks;
SlOW €fferveBCenCe. .. ...\ttt i e 5 757
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Thick- Depth
ness, feet. feet.
Buff dolomite, sandy; slow eff. Numerous small colorless grains of
qu:&tz in pls,ces Much black bituminous matter in streaks and 30 787
PRI . . .\ it et et et et ettt e
Gray and buff dolomite with streake of black bituminous and gray
alml{l matter; slow eff . . . .. ... ... ... e 30 817
*Grayisi bluck very bitummous dolomite, slow eff. Some buﬂ md
graydolomite. . ............c.co0. s 20 832
Buff and gray dolomite with much anhydrite. . . 10 842
Buff to dark buff bituminous dolomite, slow eff. Wet hole and at
918 feet hole was full of water......................0ov. o, 10 852
Dai,lrlv{l buft and brown very bituminous dolomite slow eff. “‘Wet 15 867
L]
Buff to dark buff bituminous dolomite; slow eff................... 10 877
Buff dolomite and anhydrite, slow eff.............. ...c.c.cuuuu.. 5 882
Ll% t buff to grayish buff fine grained dolomne, a little gypsum at
28 feet, slow eff. Hole full of water from 918 ft. down to 1 393
ft. 10 in. Put ln 1 393 ft. 6 in. of 6} inch casing with packer.. 65 947
Gray fine grained sh: dolomite;slow eff........................ 5 952
nght buf! fine gmin dolomite, Slow eff..... ... L LiLlliiii 5 957
to dark y shaly dolomite and shale, slow eff.............. 40 997
brownis! gray and dark brown bituminous doiomite, very
urglllweous n p E Y P P 60 1,057
Limestone very ‘‘sharp’ at 1,033 ft. Oil at 1,007 feet. .
Ha.rd dark gray to grayish black and brown dolomite, argxllaceous
LBV T 25 1,082
Da.rk gray argillaceous dolomite. .....................ciiiiiinnn 10 1,002
Dark gray and buff argxllweous dolomite, close grained and very -
argillaceous orshaly inplaces. .. .......... ... ciiveinn . s 35 1,127
Very hard buff to dar buﬂ' fine gralned dolomite; bluish at 1,170 ft.
erty from about 1,176 to 1,182 feet................covevnn.. . 55 1,182
Hard buff dolomite with anhydrite ce 15 1,197
Dark gray argillaceous dolomite. ............ 5 1,202
. Gray to buff dolomite and much anhydrite. ‘“Sharp’’ or hard
granular dolomite at 1,210 feet............... ..o ivreirennns 35 1,237
Gray arglllaceous ta very argillaceous dolomite. Twelve feet of
hard “blue lime’ 1,267 to 1,279 feet. Cherty at 1,275 feet.. 45 1,282
Darkgrayshale. . ........c.ccuiuitiiiiiiiiiiiiiereeeeinennnnn 5 1,287
Light colored dolomite. ...........cciiiiiiriiiniiininnennennann 10 1,297
Dark ﬁmg shale and shaly dolomite............................. 5 1,302
Light dolomite. .. ......c.coiiiiii i i e 5 1,307
Darkgray shale. . . ........c.iiiiiiin it iienannn 5 1,312
Dark gra; shaly dolomite..........cciviiiiiininiii i 5 1,317
Light colored dolomite..............iiiiiiii i 10 1,327
Gray shale and shaly dolomite.................................. 5 1,332
Light tobuff dolomite..............oooiiiiiiieiiiiiiiiiiii.y 5 1,337
Gray shale and shaly dolomite.................................. 5 1,342
Light to buff dolomite, with dark gray shale at the bottom......... 20 1,362
Dark T shale, eome dolomite and anhydrite (CaSO4)............ 20 1,382
Gray shalydolomite..............ccoviiiiineriiiennnneennnnnnns 10 1,392
Dar] %'ay shale and shaly dolomite............................. 5 1,397
Blnck tuminous shale and shaly dolomite....................... -5 1,402
ay dolomite. .. .......... .. .. ... ... 5 1,407
Chleﬂy uff dolomite. Struck brine at 1,421 feet which tested 90
e 15 1,427
Dolomite and much anhydrite (CaSO4)...................c.unn.. 25 1,452
Buﬂ dolomite, gray shale, and some anhydrite.................... 10 1,462
Gray argillaceous dolomite, in places shaly, some anhydrite.
“Bottom of blue limestone”................c.ooviiiiiiiiiainnnn. 53 1,515
Salina
Wlnte salt with some streaks of shale 15 1,530
esalt. . ................c...n 55 1,585
{drlte. shale, and salt . 5 1,590
‘White salt. ‘‘Bottom of salt.”” (Other beds of salt occur below
this depth—8.) ... ...t e 6-4'| 1,596—4"
Dolomite. . ....ovittt ittt e e ea 4 1,6004"

Casing: 52 feet 7 inches of 12-inch drive pipe, 132 feet 5 inches of
10-inch Plpe, 1,396 feet 10 inches of 61-inch casing; 1,597 feet 6
inches of 3 and 3§-mch tubing and 561 feet 5 inches of air line.
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North Port Huron. In 1915 the Michigan Central Oil and Min-
ing Co. of Port Huron drilled an oil well on the low ground on the
north side of Black River about two miles west of North Port
Huron. This well is the most northerly of the oil wells drilled in
the Port Huron anticline. No oil or gas was reported but it is prob-
ably that oil and gas were struck in small quantities similar to the
wells on the south side of the river on the May and Gillette farms
as described in Pubhcatlon 19, Mineral Resources of Mlchlgan for
1914.

OXBOW WELL NO. 1.
Location: On the Oxbow of Black River a few rods north of the river channel, near 8. E.
corner N. W. $eec. 32, T. 7 N + R.17 E. Drilled in 1915 by Michigan Centml Oil & Mining
Port Huron. Record y R. A. Smith from samples furnished by C. M. VanCuren,
Pres.. and G. W. VnnCuren, Manager of the company.
. Elevation about 586 ft. A. T.

* Thick- Depth
ness, feet. feet.
Pleistocene or surface deposits: !
glven;ilt.u.ngut;'luy..d.......h...k..t ..... e t'.é”t”b'l'ni:k“ix'i“ 70 70
0arse Erav sand, ve ark from fragments of ehale,
shale particles angular. ry ............. agm ................... 35 105 -
Antrim shale: o
Black bitumlnous an dpgrltic shale.............................. . 105 210
Blmk yritic shale and buff to gray limestone; mod. eft .l 5 215

screw apparently penetrated the Traverse about 2 ft.
Traverse (Hamilton) formation

Hard, fine grained buff magnesian limestone; mod. eff............. 6 221
Record 20 241
Gray and . 9 250
Record 280 530
Soft blue gray calcareous shale or soapstone (Marcellus); vig. eff.. 10 540
Dundee (Onondaga) limestone:
Dark gray limestone; viol. eff.......................c0iiiinnn.t. 2 542
Dark im very ritic limestone; viol. eff.... .. ... .l llllllll 4 546
Light e limestone; viol. eff. .. ... ... .l lllllllln 16 562
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WAYNE COUNTY.

Dearborn. In 1915 Henry R. Ford drilled a well at Dearborn,
Wayne county, largely for scientific purposes. The well as planned
was to be 5,000 feet deep or down to the “granite” or pre-Cambrian
rocks. The well was begun June 14, 1915, and by the middle of
October it was down to 4,035 feet, when the drill wedged in a crew-
ice, breaking the cable. After several months of vain effort to re-
cover the tools, the well was abandoned. This is the deepest well
in the state, being over 350 feet- deeper than the deep well at Mt.
Pleasant, Isabella county.

A careful log and duplicate sets of samples were preserved, one
set for the State Survey and the other for Mr. Ford. The samples
were taken every five feet and with the log afford detailed informa-
tion concerning the character, thickness, and depth of the rock
strata down nearly to the Cambrian. The Mt. Pleasant well ended
in the top of the Dundee (Onondaga) limestone at a depth of
3,680 feet and the Dearborn well began in the top of this formation.
The two wells thus give a complete section of the Paleozoic rocks
nearly down to the Cambrian.

The most important facts shown by the record are the excep-
tional aggregate thickness of the rock salt beds, the presence of
about 300 feet of gypsiferous and celestitic rocks below the salt
bearing horizons, the thinness of the “Niagara,” and the exceptional
thickness of the so-called “Trenton’” limestone.

The salt beds at Dearborn have an aggregate thickness of over
550 feet in a section of 870 feet. In the Royal Oak well, over 600
feet of salt was penetrated in a section of 932 feet. These thicken-
nesses are much greater than farther east along Detroit River and
indicate that the salt beds extend a considerable distance north- .
west toward the center of the state.

In most of the earlier records of wells drilled in southeastern
Michigan, the line separating the Salina from the “Niagara” was
drawn near the base of the salt bearing horizon. At Dearborn and.
also at Highland Park, the strata are dark, bituminous, shaly dolo-
mite simliar to the Monroe beds above the Salina. Moreover, the
beds are brecciated and locally contain an abundance of gypsum
and celestite, the latter being most abundant in the cavities of the
breccias.

The removal of these beds from the “Niagara” limestone leaves
this formation very thin in southeastern Michigan; it is about 90
feet thick at Dearborn. The record of the Ford Motor Co. well at
Highland Park, Detroit, indicates a similar thickness.

In the Northern Peninsula the “Trenton” has a maximum thick-
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ness of about 270 feet and is to be directly correlated with the
Galena and Platteville limestones of Wisconsin. In southeastern
Michigan the Trenton has an average thickness of over 850 feet
as shown by the Dearborn and the LaSalle (Monroe county) wells,
and is-to be correlated with the Ontario rather than the Wiscon-
sin section. According to Ulrich most of the “Trenton” in south-
eastern Michigan is probably Black River.

No oil or gas was found at any horizon. An abundance of sul-
phuretted water was struck just above and in the top of the Dun-
dee, and much sulphate water down to the bottom of the Sylvania
sandstone. Below this there was very little water until the St.
Peter sandstone was reached.

The following is an illustrated record of the Dearborn well.
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Highland Park. A few years ago the Ford Motor Company
drilled a test well for water near their plant in Highland Park, De-
troit. A complete set of samples was preserved from which a dupli-
cate set was made for the Survey. Apparently no log was kept
and the following is a detailed record made from the samples:

FORD MOTOR CO. WELL.

Location: 48 {t. 4 in. south of north p I{)e y line and 6 ft. 3 in. west of West Brush St. line of
Ford Motor Co., Woodward Ave. ' hland Park, a suburb on the north side of Detroit.
Drilled in 1913. Record by R. Smlth from eamples furnished through W. H. Smith
of the Ford Motor Company. Record down to 230 ft. is based on general geological data.

Elevation about 633 ft. A. T. .
g | &
| £
8% o
3 =]
Pleistocene or surface deposits: .
Sand and 8aNAY ClaY . . . ... ittt i i et i e 254 254
Clay with some intercallated beds of sand and gravel...................... 115 +| 140 =
Antrim (Genesee) shale—Black bituminousshale........................... 60 =| 200 =
Traverse (Hamuton? formation:
Limestone and calcareous shale or ‘‘soapstone’” probably.................. 30 230
Soapstone or soft grsi‘ highly calcareous shale; vig. eff. with cold dilute
hydrochloric acid ‘ossiliferous sathyris) between 270 and 280 ft........ 70 300
Hard gray limestone, some gray shale or soapstone, viol. eff................ 5 305
Hard gray, crystalline limestone, viol. eff. .. ..................cciivun..n. 5 310
Bell (Marcellus) shale:
Soft highly calcareous, light gray shale or ‘‘soapstone,” very smooth grained. . 40 350
Dundee (Onondaga) limestone:
ard, light gray, crystalline limestone; vig. eft. Sample 350 to 355 badly 10 360
DT
Hnrd white to light gra.y and buff gray and buff, crystalline limestone with
dar "+ and black streaks and laminae of bituminous matter. Viol. eff.
2 tu * . ''¢ white sand, gralns very rounded in sample 470 to 475 feet..| 115 475
Very haru «reer «lline, light ritic and sandy limestone, vig. eff. to
to viol. . Jv very small cry stals of pyrite and 5% or more of pure
white qua: 1z sand with rounded grains of uniform size similar to the Sylvama. . 5 480

uff, bituminous and white to light yish buff limestone. Buff limestone
ls very sandy appearing but contains very little sand; viol. eff. Crinoidal
from 485-400 ft. . . . ... .. . i e i e 10 490

Ulg)er Monroe dolomites or Detroit River Series:
efly white, earthy looking dolomite with fine laminae of pyritic and black
bituminous’ maner. slow eff. A little buff, bituminous limestone apparently

from Dundee above, vig. eff. cf. H. R. Ford well, Dearborn at 220 ft...... 5 495
Buff, bituminous limestone and native sulphur...................... ... ... 10 505
Whlte. light gray and buff bituminous limestone and native sulphur......... 5 510
Light gray dolomite; mod. eff. . . .......... ... iiiirnineennnnnannnnns b 515
Light gray to buﬂ dolomite mod. tobriskeff..................... .00 5 520
L!ih gmyis buff to dark buff dolomite and délomitic limestone; slow to

Some dark gray shale. Eff. wlth fine powder seems to be due

to crystals of calcite in geodes and seams. ... ..............c.0oiiuiran.n 10 530

White and buff dolomite and dolomitlc llmestone Slow to brisk eff. ... .... 5 535

Hard buff, granular dolomlte and dolomitic limestone; slow eff. to moderate
Hard, 'u'éliz'bixi'f'iibidxiiiié"élb'v&'tb'ixidd"éﬂ".'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.Z'.'.'.'.'.'.Z'.'.'.Z

Buft, bituminous dolomite; slow eff........... ... .l lllliiiIIIiin
Eite and light buff dolomite; 810w eff . . . ... ..o

et
S
[
3
=

. buff and buff dolomite and some black shale; slow eff. . ............ .. 580
Light buff dolomite, pure white anhydrite and gypeum——apparently cleavage

plates of Belenite. .. ..... ... .. e e e 5 585

t buff to buff dolomite and much pure white anhydrite; slow eff........ 15 600

Dnrk buff dolomite;slow eff ....... .. .. ... ... i i 5 605

Light buff dolomlte Blow eff . ... . e et 5 610
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Chiefly white dolomite, some light buff;elow eff. . ........................ 10 620
Light gray, earthy lookmg dolomite; slow to moderate effervescence. .. .. ... 5 625
Buff crystalline dolomite; slow to Jrerets A DD 5 630
Light buff, crystalline dolomite, sandy about 5% of pure white quartz sand,
ins rounded, slow to mod. e 15 645
‘White and very ig t buff, dense grained dolomite, slow to mod. eff Seu 10 655
Light buff dolomite. . . ...........iuiiiuiinieuieenneneneeneeneenennenns 5 660
Buff gray, argillaceous dolomite with streaks snd laminae of black bituminous
shale, slow eff. Considérable residue of clay......... . 5 665
Light buff and white, finely crystalline dolomite, mod. eff 15 680
Light buff ‘dolomite and pure white anhydrite—259%, anhydrite. 10 690
Light. grayie buff, fine grained dolomite with black, lntummous la . 5 695
gray, grayish buff and white dolomite; mod. eff . .. .............. 5 700
do omxte with lack bituminous streaks and soft white chalky hmestone, .
the latter viol. @ff . . ... ... . ... i iiaien et 5 705
Dark grayish buﬂ’ dolomitic limestone; moderate to brisk eﬂervesoen ce...... 5 710
Gmyls bun umestone vig to viol. eff. The limestone from about 705-730
1t. may be the ANAerdon DedB. . . ... ... .......osusueuneeeenneennennes 5 715
Buﬂ limestone with much whue chalky limestone, viol. eff................. 5 720
ight buff limestone; viol. eff. ... ... ... ... .. ... . iiiiiiinnaaa, 5 726
Light buff to buff llmestone, viol. eff.,, and dark buff bituminous dolomite, 5 30
Dark buff gray dolomite and some light buff limestone, the first slow eff.—latter 5 735
Sample from 735 ¢0 745 mi —very probably dolomite.................. 10 745
Gr:gmh buff dolomite and derable shaly, white limestone, the latter viol. 5 750
uﬂvish buff dolomite and dolomitic limestone; brisk eff. .................. 25 775
gray dolomite; brisk eff. . ....... ...ttt ittt 10 785
Sylvania sandstone or Middle Monroe:
Pure white sandstone of uniform sized grains of white or colorless quartz—a.
glass sand. A little admixture of buff dolomite from above 5 790
Pure white sandstone—sample badl rusted from fragments of the drill 30 820
‘White dolomitic sandstone; slow e 80% pure white quartz sand 5 825
Pure whitesandstone.................... .. ..... 0.t 25 850
Pure white sandstone and gray sandy dolomite. 5| . 855
Gm¥ sandy dolomite—pure white rounded sand grains embedded in
e ALK, . . .. e e 860
Lower Monroe or Bass Island Series
Hard, llght gray dolomite; mod. to brisk eff. Some white chalky limestone, 20 880
VIOl eff . . . e e
Ligh mimy and veriwhite crystalline dolomite, slow to mod. eff............ 5 885
buff to dar! gray. argillaceous dolomlte, some pure white chert.. . ... 15 900 .
Gray dolomite with white chalky limestone, the latter vig. eff. Chalky
material a arently from cavities and seams. .................c.c..0vunn 10 910
Light grayish buff dolomite. .. ........... ... .ciiiiiiiieiiinniinnnnnn. 10 920
Light simg and gray dolomite, slow eff. ....................c.iiiiiinn.., 10 930
Grayi ff dolomite with considerable pure white, crystalline dolomite,
gparentl fTOM BOOA@B. . .. ..ttt ii ettt e ittt 5 935
Light buff dolomite, 8low eff.................ciiiiiiiiiiiinrieneinnnnnns 5 940
Samples missing from 940 t0 955 fe€t..........couuieiirtinenrniannnnns 15 955
Light buff and gray dolomite. . ............c.coviiineriieernnennnnnnns 10 965
nght buff dOlOmIte. . ...\ttt e 20 985
light buft, fine ined dolomite, mod. eff........................... 5 990
ng t buff, dense grained dolomite. . .. ...........o00tiiiiiiiiiiiaan, 15 | 1,005
u? light grayish buff, dense grained dolomite. .......................... 10 | 1,015
dense ined dolomite with bituminous streaks and laminae. . ..... ... 10 | 1,025
Light buff, dense grained dolomite. Insoluble residue of 109 of bituminous
and argillaceous matter and pure white quartz sand, the ‘iatter probably
from the Sylvania above. Veryslowefl....................c.coouuusn. 15 | 1,040
Gray, shaly dolomite with thin streaks and laminae of dark to black bitumin-
ous matter, slow eff. Considerable insoluble residue of clay and bitumin-
OUB TIAEOT. . .. ...ttt sin ittt ennnn e e eeenenennns 5| 1,045
Chiefly buff, dense grained dolomite with some gray and dark bituminous
streaks and laminae, 8low eff............ ... .. ...iiiiiiiiiinaieaann 511,050
Hard, buft ﬁra dolomite, considerable clay residue, slow eff.... ... ... ... 5| 1,055
Grayish to buff and brown bituminous dolomite...................... 5 ,060
Light gray dolomite, some dark buff and brown, sloweff................... 51,085
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Salina (?) formation:
Pure white ealt. This sample is apparently out of place. There is not the
slightest trace of salt in the umi)les p! ing or in the samples immediately
fol this one and eome salt should certainly be found in the samples
from 1,070 10 1,075, . .. ... ..ttt it ittt 5, 1,070
Buff gray to dark grayish buff and brown, bituminous and argillaceous dolo-
mite, Blow eff. ... .. .. ... ... it i i e 5| 1,075
l;ileﬂy yish buff dolomite with black, bituminous streaks and laminae, s | 1.080
LK + SN .
Light buff to buff dolomite and gray shaly dolomite, some dark bituminous
inae, Blow eff. . ... ... ... .. ittt 3 10 | 1,090
Light ish buff, dense grained dolomite, argillaceous, slow eff............ 251 1,115
Light and gray and dark buff and brown bituminous dolomite.......... 51,120
Gray, shaly dolomite, some buff dolomite with' bituminous streaks and
laminae, and considerable white anhydrite and gypsum................ 511,125
Dark buff, bituminous dolomite with white seams of crystalline dolomite;
BlOW eff . . . .. i 51,130
Gr:g to dark gy, shaly and light buff dolomite and white anhydrite, slow
. Large clay residue, considerable bituminous matter................ 10 | 1,140
Gray, very shaly dolomite and much white anhydrite and gypsum 511,145
‘Dark gray shale and some white anhydrite..................... 10 | 1,155
Chieﬂ{w te anhydrite, some light buff dolomite. . ... . et nsenzs 511,160
Light buff to buff, very dense grained dolomite, very thinly bedded 10 | 1,170
Bubl:d tg e&‘lsrk buff, bituminous and very dense grained dolomite, very t s | 1175
Very t buff dolomite and white anhydri olomite very thin bedded,
largléf; precipitate of barium sulphate. . ............... .. ... . ool 511,180
Gray dolomite. ... ... ... ... . it e it 511,185
Grayish buff and dark gray, bituminous dolomite, slow eff................. 10 | 1,195
Gray and buff dolomite and anhydrite...................... i 15 | 1,210
Gray shale, buff and gray, shaly dolomite, and some anhydrite. ............ 10 | 1,220
Chiefly gray shale, some gray shaly dolomite............. e i i i 15 | 1,235
Gm{. shaly dolomite................... ... ... ..o i, 51| 1,240
Dark gray shale and gray argillaceous dolomite........................... 10 | 1,250
Buff gray dolomite and gray shale. . . ............ . iiiiiiiiiiiiiienan. 15 | 1,265
Salina formation: 5
White salt with a little dolomite and shale probably from above. Strong
flame coloration for potassium on samples 1,265 to 1,275, weak from clear
salt samples. Flame test for potassium, using a Merwin triple screen for
flame reactions, was run on all of the samples of salt and of the shale and
dolomite immediately above each salt bed. Strong flame colorations were
ﬁLven almost uniformly by the shale and shaly dolomite and also by the
pure salt, i. e., the salt mixed with shale and shaly dolomite. The solu-
tions made from the samples of clear salt and also those of shale and dolo-
mite gave only faint flashes of color. The flame colorations apparently
were due to potassium compounds in the shale and shaly matter and not
to free potash ealts in the galt beds.................................. 40 | 1,305
‘White salt and considerable shale with some anhydrite, apparently a streak
ofehale................................ e nnnnnaannens N .. 511,310
White salt, chiefly with a little admixture of shale and dolomite. . 10 | 1,320
Yellowish white salt with much buff dolomite, some anhyrdite. 5 (1,325
Argillaceous dolomite and anhydrite........................ 5 ,330
Argillaceous dolomite, bright potassium flame. .............. 511,335
Chiefly white salt, some dolomite andshale. . .................... 10 | 1,345
Clean, white salt, stained yellow with rust from thedrill................... 45 ,390
White salt and anhydrite. . ......... ... .. .. . i i i i, 511,395
Gray shale, dolomite and anhydrite. . ................................... 5 ,400
Chieﬂ'y anhydrite, some ehale and dolomite. . ............................ 5| 1,405
Sample missinﬁ ....................................................... 5| 1,410
Chiefly buff dolomite and gny shale............................. ... ..., 511,415
Buff dolomite, gray ehaly dolomite, and much white anhydrite. . ........... 5 | 1,420
Buff dolomiteand gray ehale........................ ... .......... ..., 5| 1,425
Clean, white salt. ... ... ... ... .. . . i 20 | 1,445
Sample MiSBINE. . . ...... ... ... e e 5| 1,450
Chiefly anh{drite and salt, some buff dolomite. . ......................... 10 | 1,460
Chiefly white salt, some anhydrite and dolomite. . ............... ... ... ' 5 | 1,465
Sample missi{:f. probably ealt........ ... ... .. ... ... .. ..ol 51| 1,470
Clearwhitesalt..... ... ... ... ... ... . .. ... ... ... .. .. .. .. ... 5| 1,476
%ggplemisslng,probablysalt........‘..............,......‘....H.‘..'. 10 | 1,485
tesalt, ................. f
Salt, anhydrite and dolomite lg };égg
Whiteealt. ................... .. ... ... 5| 1,505
Soft buff dolomite, bituminous, slow eff 10 | 1,515
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Buff dolomite and considerable anhydrite......................coooiil. 10} 1,525
Buff dolomite and gray ehale and shaly dolomite, slow eff.................. . 511,530
Chiefly white salt, some shaly dolomite andshale......................... 51| 1,535
Clean white galt. ... ...... .. .coi.iiiiiiiiiiiiiiiiiireeeenennnannnannnn 15 | 1,550
Sample missing, probably salt............... ... ... iiiiiiiiile, 51 1,555
White Balt. . . ... ... i i i i et a e, 511,560
Whitesalt and gray shale. . ...ttt ionriiiiiiiinnnaeanan.ean, 511,565
White salt, a very little gray shale at 1,570 ft., the latter an admixture from
B0V, . ... ..ttt i e 50 { 1,615
White salt and gray 8hale. ... ..........c.coiiunnierniennnnnnnneennnnnnnn 511,620
Gray shale, a little white anhydrite. ... .............c.c0.iieriiniinnnnnnnn. 5| 1,625
Chiefly gray dolomitic shale and a little light buff dolomite................ 511,630
Very light buff dolomite and white anhydrite, some my shale.............. 151 1,645
Light buff dolomite and some dark gray and black e 5] 1.850
Chieﬂ‘{ lgm shale, some light buff dolomite......... .. 51 1,656
Buff dolomite and gray shale with some anhydrite. . ............ 15 | 1,670
Buff to dark buff dolomite and dark gray to black bituminous shal . 10 | 1,680
Buff dolomite, gma( shale and anhydrite. ................. . 5] 1,685
C%gﬂ‘z light buff dolomite and some dark bituminous dolomit little anhy- 10 1,605
Buff, granular dolomite with fine black, bituminous laminae . 10 | 1,705
Light todark buff dolomite. . ..........c..0iiutiiieeunneennnennnennnnnnnn 5{ 1,710
Light buff to buff, brecciated dolomite with clay cement, dark bituminous
BUTBBKE . . ... ... ie et e e 511,715
Light to dark buff, bituminous dolomite, slow eff......................... 15{ 1,730
Clean white Balt. . ... .. ... .. . ... ... iiiiiiieiniiiaiiaiaaneneanennnns 511,735
White salt with a little dolomiteand shale............................... 1 251 1,760
Light buff to buff dolomite..... . .......... ..o iiuuieummunnninneeennn. ! 511,765
Buff dolomite, gray argillaceous dolomite, gray shale, and anhydrite......... t 50 1,815
Light buff and gray dolomite, y shale and much anhydrite.............. | 51 1,820
Sample missing, probably similar to sampleabove.......... ... ... ......... | 51{ 1,825
Light buft and gray dolomite, gray shale and much white anhydrite......... i 511,830
ite salt with considerable gray shale and gray and buff dolomite......... 51{ 1,835
Clean white alt. . .. ........ ... .. .. iiiiiriiiiiennaneeienennannnnnn © 10§ 1,845
Sample missinq. probably salt. . ... ... ... i e 511,850
Cleanwhitesalt. . ... ... ... .. ... ... i it iiiieinnnnnn, 10 { 1,860
Sample missing, probably salt. ............. ... .. ... i 51 1,885
‘White salt and considerable dolomite and shale........................... 5] 1,870
Buff dolomite and whiteaalt............. .. ... ... i, 511,875
Sample MiBBING. . ... ... ... e 51 1,880
White Balt. . .. ... ... i i e e 511,885
Samplemissing. .......................... 51 1,890
Buff dolomite, gray shale, anhydrite and salt 511,895
White salt, dolomite and anhydrite.................. 51 1,900
Chiefly white salt, some dolomite, apparently from abov: 51 1,905
Sa.mg e missing, probably ealt. . . 511,910
‘White salt . 15 | 1,925
Sample missing, probably salt with more or less dolomite, shale and anhydrite. 35 | 1,960
Chiefly white salt (some of the samples badly rusted, difficult to determine
natural colorofealt). . ........... .. .. .. . .. i i 16 { 1,975
White ealt with a little ghale and dolomite. .............................. 5] 1,980
‘White salt, shale and dolomite...................oiiiiiiiiiniiinnnnnnn. ;1o 11,990
Chiefly white salt, a little shale and dolomite............................. 20 | 2,010
Sample MiBBINE. . ... ...ttt ittt i et 51 2,015
Clean whitesalt................................ e 51 2,020
te salt with a little shale and dolomite. .............................. 10 { 2,030
Nearly clear whitesalt. ... ... ... ... .. ... ... ... .. .. iiiiiiiiiiannn. 10 | 2,040
Chiefly salt, some shale, anhydrite and dolomite.......................... 5| 2,045
Clean ALt . ... ... i 5| 2,050
‘White salt with some shale and dolomite................................. 10 | 2,060
Clear White At . . .. .. .........cvuiieeienemunnninnneneeeeeeennnnnnnnnnn 51 2,085
Sample missinq. probably salt. . ......... .. ... e 51 2,070
Clean whitesalt. ................................ . 5] 2,075
White salt, dolomiteand shale..............................c0uiiieunnn. 5| 2,080
Nearly clean white salt, ealt stained by rust from drill. . ................... 5| 2,085
White salt, buff dolomite, shale and some anhydrite....................... 10 | 2,095
White Balt . . . ... i e 512,100
Sample missing, probably ealt. ................. .. ... ... i 51| 2,105
White Balt. . . .. .. .. e 10 | 2,115
Buff to dark buff dolomite and ealt, dolomite bituminous. . ................ 512,120
Buff to dark buff and brown, bituminous dolomite, some anhydrite in sample
from 2,120t0 2,125. . . ... ... ...t . 16 | 2,135
Gmdv shale and buff dolomite, some white anhydrite 51 2,140
Buff to dark buff dolomite, with bituminous streaks and laminae 30 | 2,170
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Chiefly dark buff and grayish brown dolomite, argillaceous................. 512,178
Buff dolomite with anhydrite and somegrayshale........................ 51| 2,180
Bufftodark buff dolomite. ... ......... ... ... ittt 15 | 2,195
Dark buff, bituminous dolomlte or dolomitic limestone, very argillaceous in
laces, vlg eff. From 2,195 to 2,275 ft. and 2,315 to 2,395 ft. there is more
or less limestone or dolomite with much calcite from drusy cavities and
[T 1 T FEETII 45 | 2,240
Sample MIEBINE. . .. ...... .0ttt it it i s e 51 2,245
Dark gray, bituminous and agrillaceous dolomlte or dolomitic limestone and
light gray dolomite or dolomitic limestone, vig. eff . 51 2,250
Gray, calcareous shale, vig. eff.—some dark, dolomitic limestone 5| 2,255
Sample MisBINE. .. ... ... . . it i i 51 2,260
Gray, calca.reous shale and light buff and buff gray, fine grained, dolomitic |.
- _limestone; v viol. eff 51 2,285
Chiefly dark buff, bituminous, dolomitic limestone, very dense
and thin bedded, breaks up lnto thin sglates some light buff; vi eff...... 10 | 2,275
ht to dark buff dolomite, dar] odgrag ale and shaly dolomite, white anhy-
rite and celestite, slow to m Bituminous...................... 15 | 2,290
Chiefly white celestite and anhydrite, some dolomite, nearly pure white
anhydrite and celestite 2,300 to 2, 310 ft., considerable dolomite in sample
2,310 to 2,315. Strong reaction B 25 | 2,315
Buff to dark buﬂ and brown bituminous dolomite, very denge grained and
thin bedded, vig. to viol. eff. With acid gives a strong smell of petroleum
. residue of bitUmINOUS IMALLET. ... .......oo’owoeussennencnse 15 | 2,330
Buﬂ bitummous, dolomitic limestone, very dense grained and thin bedded.
With acid glves strong smell of petroleum Vig. to viol. eff. moderate
eff,, 2,350 80 2,355 ft. . ... ... ieai et e 25 | 2,355
Buff, 'dolomitic limestone and a little anhydrite, vig. eff.................... 15 | 2,370
Buff, dolomitic limestone apparently. Sample wet and very badly rusted.... 51 2,375
Dark buff, bituminous dolomite, 810w t0 mod. €ff. .. ...........c0eeeen.... 20 .39
h (Upper Ni: mn) dolomites
Wg;te to very lig t. gray and very light buff, crystalline dolomite with some
k buff, bituminous dolomite; mod Py R 40 | 2,435
Moet. of the samples badly rusted, or; nal color hard to determine. ’
Chiefly white to very light buff cryst ine dolomite. ...................... 5| 2,440
White to light buff dolomite and considerable buff to da.rk buff dolomite . 10 | 2,450
Light to dark buff bituminous dolomite; mod. to vig. eff. .................. 5| 2,455
Chleﬂty white and light buft dolomite, mod. eff. Samples wet and badly 10 | 2.465
Whiteédllght buff and buff crystalline dolomite, slow eff. Samples badly 5 | 2 470
‘White, light to dark buff, crystalline dolomlt.e and blueshale............... 15 | 2,485
Lightrw Ik DUff Crystalline dOlOMIIte. . ... .« . vuus s venovnn v o v v ven v s 10 | 2,495
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‘Detroit. The Federal Carbonic Co. drilled a comparatively shal-
low well in the northwestern part of Detroit for water. The record
is indicative of -the limited water possibilities in northern and
northwestern Detroit.

THE FEDERAL CARBONIC CO. 3" WELL.
Location: Greenwood Ave. and G. T. R. R., Detroit, T. 1 8., R. 12 E. Drilled Dec., 1914,
for the Federal Carbonic Co., Detroit, by E. 8. Beal, Lansing, Mich. Record furnished by
E. 8. Beal from cores.

Elevation 42 feet above Detroit River or 617 ft. A. T.

Thick- Depth
ness, feet. feet.
Pleistocene: -
Fill, yellowsand..................... e eesesaeecesssertcasnenns 12 12
Blue clay with small pebbles, very firm.......................... 30 42
Blue clay smooth with occasional sand ketB. . . ... it © 60 102
Blue clay very gritty with limestone cobbles and boulders.......... 40 142
Gravel, 35 ft. coarse, 11 ft. very fine. Dryalltheway............ 46 188
Trayerse formation: .
Limestone. .. ... ..ottt i it it 4 192
Bell shale: .
Black shale, very fossiliferous with shining grains, pyrites of iron.. .. 9 201
Soft gray slate or shale, slacks on exposure to air. . ............... 14 215
Hard gray slate, cores run from 8 inches to 3 feetlong............. 24 239
Dundee (Onondaga) limestone:
Blue HmMestone. ... ... ... ....ouiiutiiiiinneeseeeaeeeennnennnss . 7 246
White limestone very fossiliferous, numerous calcite seams. Small
flows at 285 ft., 3gallonsperminute.......................... 45 291
Sandy limestone, very 8oft. .. ............cc0iiiirieranannnnnnnn. 11 312
Blue limestone, trace of oil and iron pyrites. ..................... 12 324
Cherty limestone. . . .................cuuiieinuneenneernnaennnnn 4 328
Limestone, coral formation, very fossiliferous..................... 9 337
U, Monroe:
igolomlte, gray, sharp grit and veryhard. .. ..................... 23 360
Dolomite. whitish, sharp gripand very hard...................... 30 390
Smalliﬂo:vs of water at 376 ft., water 30 ft. from surface, 6} gals.
per minute.
Dolomite, yellow, sandy, 8oft............ccovviiiiiuineennnnnn. 5 395

‘“Expected to get bed rock at this location at 120 to 140 feet but drilled through a 46 ft. de-
it of vel, rg all the way; found a short deposit of limestone at 188 to 192 ft. then ran
to Bell shale and the gray slate down to the Dundee at 239, or 100 ft. below my estimate,
showing a great depression at this location. Found the limestone very dense, no gockeu or
fractured rock and only two seams and they were very tight; small flow at 285 ft., 3 gals. per
minute; small flow at 376 ft. in the dolomite. The water head stood at 35 ft. from surface
and would flow 64 gals. per minute.
Shot the well with 40 1bs of 60% dynamite; put in a 1}” air lift and a 2” discharge and blowed
14} EMB per minute. The water is very black and salty, showing oily substance on top and
black sand on bottom after standing 2 hours.’
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Trenton. The records of some of the Church and Co. wells at
Trenton were recently obtained from the U. 8. Geological Survey
and the record of the No. 4 well, the deepest, is given below. A
record of the No. 5 well was published in Publication 14.

' CHURCH AND COMPANY WELL NO. 4.

Location: Near plant of Church and Comi)any in the northern part of the village of Trenton.
Record from driller's log.

Elevation.580 (?) feet.

Thick- Depth
ness, feet. feet.
Pleistocene or glacial drift:
Clayandgravel.................. ceretrescerenatecnctenevanan 30 30
Dundee (Onondaga) limestone and probably Upper Monroe in the
lower part:
Hard-brown limestone. ... ........... .. .ciiiiiiiiniiieinennenns 70 100
Upper Monroe or Detroit River series:
ray limestone. . ......................... e ereeereeeeaa 25 125
Soft gray brown limestone. . ...............cciiiiiereennnn o 55 180
Dark brown limestone. .. .............c..iiiiiiiiiiiiineenanns 100 280
' Sylvania sandstone:
Hard white sandstone. .. .................ciiitirinnnnnnnnennes 140 340
Brittle gray shale rock and white sandstone. ..................... 95 435
Lower Monroe or Bass Island Series:
Hard gray shale TocK. . ........ ... ...ttt iieiiinensnnanans 115 550
Gray and brown limestone with gypsum (anhydrite) at the bottom.. 230 780
Salina: .
Gypsumandshale......................c.0.... e teeereeheeeaean 220 1,000
Brownshale..............c.oiiiiiiiiiiiiitiiiiiiiiiierineeennns 90 1,090
L6872 411 ¢+ A 55 1,145
Gypsum andshale. ........... ...ttt ii e 40 ‘1,185
Balt. ... ... i Mt reeecei e 30 1,215
Saltshales. .. .........c.iiiiii i i i i e 60 1,275
L 50 1,325
GFDBUIM . &ttt t ettt teeae et neeeaenaeesoaesennanaenneaann 50 1,375
Shale. ... e 55 1,430
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Redford. In 1914 two wells were drilled near the village of Red-
ford for a municipal supply of water. There was no water in the
surface deposits and only a little salt water in the bed rocks be-
low. The local supplies of water appear to be very limited. Rec-
ords of the borings were furnished the Survey by Caster Brothers,
the well contractors. The record of the deeper well is given below.

REDFORD MUNICIPAL WELL NO. 1.

Location: Vlll:%e of Redford, Wayne County. 5 $ Sec. 9, . 8, R. 10 E. Record_furn-
ished by Caster Brothers. drillers. Well drilled in ln.ner part of 1914.

Elevation about 630 feet A. T.

Thick- Depth,
ness, feet. feet.

Plalnoeene or sutface deposits: 12 12
cmy.'.'IZIZIZZZZIIIZIIIIZIiZZIZIZiIZ:ZZIZ.’IIIIIIIZII:ZIIZIZIZ 78 20
Antrim shale: )
leerock .................................................... 90 180
eshale; nowateratall...........cocoiiiiiiiieinineeneenns 25 205
Bmd rock; s little ealt water at 218 feet. . ... ... . ...l .l llLL 10 215
Traverse formation (?): ’
rock 61 276

LimMe POCK—ArY. ..ottt ittt iiinieieiiinee s
Light shale—dry..... P 128 404
Lime rock—dry . 8 412
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BRICK AND TILE MANUFACTURERS, 1916.

Operators. Office. ’ Works.
Alle an County: - :
Allegan Brick Works (Fish & Fish)....| Allegan...................... Allegan.
Zeeland Brick Co................... Zeeland...................... Zeeland.
Barry County:
Leonard, Wm...........co0ovnuunn. Delton. .. .. e, Delton.
Bay/ County.
ichiga.n Vnriﬁed Brick Co.......... BayCity............covvvnnn. Bay City.
Berrien County:
Mamer Brick Co.........co0vivvnnnn Benton Harbor................ Benton Harbor.
Branch County: ’
Reynolds & Sons, Lorenzo D......... QUINCY......oivvviiiinianan, Algansee.
Charlevoiz Count .
East Jordan Cfay Products Co.......  East Jordan.................. East Jordan.
Chippewa County
Rudyard Brick Works ............... Rudyard..................... Rudyard.
Dickinson County:
Vulcan Brick Works................. Vulean..........oovvvinnvnnn. Vulcan.
Eaton Count;
American gewer PipeCo............. Broad St., Akron, Ohio........ Grand Ledge.
Baker Cla; ..| Grand Ledge .................. Grand Ledge.
Grand L Grand Ledge.................. Grand Ledge.
Emmet County:
DeArment, C. A................... Petoskey..................... Petoskey.
Genesee Counly
Gale Bros..........ccovveiinnnennans Atlas. .. ............ieL, Atlas.
Scholl, L.J.&C.E................. Clio ......................... Clio.
McCann, Fred’k W. ... .. .. 110 Gaines. ...........cociiiienn.. Gaines.
Sharp, Frank........o.oovvovunnnii, R D No. 1, Linden........... South Mundy.
Flint Clay Products Co..............  Flint..... ... ... i iiiiiiii i,
Gladwin County:
Korkoske, Christ................... Gladwin ...................... Gladwin.
Grand Traverse County:
Traverse City Brick Co.............. Traverse City................. Keystone.
Gratiot County
Ashley Tile Co........o.vvvvvennnann Ashley............covvvvnnn, Ashley.
Stevenson & Sons, David............ Ashley...........coiviivvn.. Ashley.
Lee,Chas.............cooivivnnn... North Star................... North Star.
Peet, C.D. ... .o iiiiiininenn. North Star................... North Star.
Lyle G. Smith & Fred Bernard....... St.Louis. .................... St. Louis.
Riverside Brick & Tile Co.......... f Summner........... .00 Sumner.
Hillsdale County:
Jerome Brick & TileCo............. Jerome............ciiiiinnn., Jerome.
ham County:
"&lippert Spaulding & Co............ Lansing...............c00un. Lansing.
Ionia County:
Van Der ﬁeyden, Fred H............ Tonia...........oivvvieninnn. Tonia.
Isabella County: .
Mt. Pleasant Brick & Tile Co........ Mt. Pleasant.................. Mt. Pleasant.
Jackson County:
Disque, Price P., Warden Michigan
State Prison...................... Jackeon...........c.ccuunennn. Jackson.
American Sewer Pipe Co............. Akron, Ohio.................. Jackson.
Kent Count :
Grand Rapids Brick Co.............. Mich. Ave. and Fuller St., Grand
Rapids..................... Grand Rapids.
Blanchard, Addison H............... Sparta ....................... Sparta.
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BRICK AND TILE MANUFACTURERS, 1916.—Concluded.

Operators. Office. ‘Works.
Lenawee Coamty
LC H oo Blissfield. .................... Blissfield.
Britton Pressed Brick Co............ Ann Arbor.................... Britton.
ﬁﬂﬁmh&” ...................... 3 eerfield. .................... })eerﬁeld.
s 8. .. BBPET. .. ...t T.
Elig, G.D..........co.iiviiniennn. BCOM. . ....ooovvvvnnennnnnan Ma:’:m.
American Brick & Tile Co........ ~../Morenci...................... Morenci.
Comfort, Albert A.................. R. D, Tecumseh.............. Tecumseh.
Macomb County: -
Hartsig, Jacob...................... Warren. . ........coovvevnnnn. Centerline.
Hacker, Fra.nk G Mt. Clemens.............. S....| Clinton.
Gass, East......................... . D. No. 2, Waghington....... Davis.
‘Warren Bnck & Tile Works.......... Warren. . ...........c...c..o... Warren.
New Baltimore Brick & Tile Co. ..... New Baltimore................ New Baltimore
Manistee County:
Kujawske, Joseph ................... OQakhill....................... Oakhill.
Mecosta County: X
er, Wm. F.................... Big Rapids................... Big Rapids.
Midland County:
Rilett & Herwig, J. W............... R. D. No. 3, Coleman.......... Coleman.
Monroe County:
Meyer Brog..............ccoouvinn. Azalia........................ Azalia.
Maybee Brick & TileCo............. M@gbee ...................... Maybee.
Angerer Clay Products Co........... d.................... Scofield.
Strong, John & Co.................. South Rockwood.............. South Rockwood.
Muskegon County:
Holton Brick Co.................... Muskegon.................... Holton.
Newaygo County: -
Stevens & Sons, Wm. ..... [P R.D,Grant.................. Grant.
Ottawa County:
Zeeland Brick Co................... Zeeland...................... Zeeland.
Saginaw County:
a.rker-Lohma.nn Brick & Tile Co R. D. No. 10, Saginaw, W. S Saglnaw, W. S.
Sperry Bros. Paines. ............ Paines.
Day, James. R. D No. 8, Saginaw Saginaw.
Day, Thomas......... R. D. No. 3, S8aginaw.......... Saginaw.
Saginaw Paving Brick C 1850 8. Jefferson Ave., Sagina Saginaw.
8t. Clair County: -
Belknap & Phillips.................. Bell River Road, St. Clair. .. ... St. Clair.
Sanilac County:
Croswell Brick Co. . ................ Croswell..................... Croswell.
Sandusky Brick & TileCo........... Sandusky..................... Sandusky.
Shiawasse County:
Wolverine Brick Co................. Box 289, Corunna............. Corunna.
Tuscola County: . .
Hall, Chas.........covvenvunnnnnen. Cass City...........covinenn Cass City.
Wayne County: ) -
Daniel & Bro Brick Co., Jacob....... 291 Clippert Ave., Detroit...... Detroit.
Haggerty,John S................... 1815 Dime Sav. Bk. Bldg., |
. Detroit....................: Detroit.
McDonald & Son, John C............ 707 Hammond Bldg., Detroit. . .| Springwells.
Ajax Brick Co.................. ...| 66 Buhl Block, Detroit...... Detroit.
Bunte Bros. Tile Co............. Flat Rock............... Flat Rock.
Clippert & Bro. Brick Co., Geo. H 1960 Michigan Ave., Detroi Springwells.
Clippert, Wm. . ................ 1960 Michigan Ave., Detroit....| Springwells.
Mercier, Bryan, Larkine Brick Co. Michigan Ave. and Lonyo Road,
Detroit..................... Springwells.
Lonyo Bros.............ccoevnnivnn.. 613 Campbell Ave., Detroit. . Springwells.
Pora.th BIOB. .. .oocviiiiiiniiiinan, 306 Free Press Bldg Detroit . . . Springwells.
V? ells Brlck Co ................ 1009 Hammond BI Ig Detroit. .| Springwells.
rick Co., F. H................ 1467 Central Ave., Detroit. . ... Detroit.
Pewa.blc Pottery & Tile Co.vvnnnnnn. Detroit.

2161 Jefferson Ave Detroit.... .
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Oberators. Office. | ‘Worka
A |
Genesee Count,
Flint Sandstone BrickCo.................. Flint................... Flint.
Houghton County !
Lake Supenor Stone BrickCo.............. Calumet................ I Ripley
Huron Cwnt%:
Sebewaing Sandstone Brick Co............. Sebewaing.............. Sebewaing.
Jackson Count,
ackson—l.anslng Brick Co.................. Rives Junction.......... Rives Junction.
Kalamazdo County -
South Miclngan Brlck L Kalamazoo............./ Kalamazoo.
Kent Count
Grande Brick Co.vvivii Kalamazoo Ave., Grand
- Rapids............... Grand Rapids.
Menominee County:
Menominee Brick Co...................... Menominee. ............ ! Menominee.
Oakland County: : |
Rochester Brick & Sand Co................ Rochester.............. , Rochester.
Saginaw County: :
w Brick Co................oooll 321 N. Hamilton St., |
.............. | Saginaw
W;Xne County: !
Pressed Brick Co................. Cor. Lawton Ave., a.nd M. I
C. R. R., Detroit. Detrmt
Sibley Brick CO. vttt i Sibley.................. Sibley.
Fl Hall..................c.ciiinn... Foot ot Jean St., Detroit. . | Detroit
|
CEMENT PRODUCERS, 1916.
Operators. Office. ‘Works.
Huron Portland Cement Co. . 1525 Ford Bldg., Detroit.| Al
Burt Portland Cement Co. . .. Bellevue. .| Bellevue.
Peninsular Portland Cement C Cooley Block, Jackso! Cement City.
Michigan Portland Cement Co eleea . Four Mile Lake.
‘Wolverine Portland Cement Co.. Coldwater . Coédvivater and
uincy.
New Aetna Portland Cement Co.............. 412 Union Trust Bldg., ¥
Detroit............... Fenton.
Omega Portland Cement Co.................. Jonegville............... Mosherville.
Newaygo Portland Cement Co............... rand Rapids........... Newaygo.
Peerless Portland Cement Co................. Union City. ............ Union City.
Wyandotte Portland Cement Co.............. 1525 Ford Bldg., Detron., Wyandotte.
Egyptian Portland Cement Co............... Fenton................. Fenton.
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CLAY MINERS, 1916.
- - ‘ -
Operators. Office. Mine.
Barry County:
Leonard, Wm........ooiviiiiininneennnn. Delton................. Delton.
Ontonagon Cou
Emmond, Wm y ......................... Rockland............... Rockland.
Robinson’ Clay Products Coovvvivneniinnnn 1010 E. Market St.,
Akron, Ohio.......... Rockland.
Vi T <N kland............... Rockland.
Jeffs, F. AL .o iiiiiiiiiiiiiitiannennnannn Rockland............... Rockland.
Wa ne Cou
Cllppert & Bro. Brick Co.......... Detroit................ Springwells.
COKE PRODUCERS, 1916.
|
Operators. Address. Location of plant. | No. of ovens.| County.
Michigan Alkali Co ‘Wyandotte. . . Plant No. 2. . 30 { Wayne.
Semet-Solvay Co. Syracuse, N. Y Detroit........... 175 | Wayne.
NATURAL GAS PRODUCERS, 1916.
Operator. Address.
Benzie County:
Gordon & Conklin.........oovviuniinnninnnnnnnnnnn.. Beulah.
H:llsdalc Count;
Witt, C 1\% ................. e e Osseo.
Macomb County:
Hanekow, Mrs Wm. H. oo Warren, R. F. D. No. 2.
Hartsig, Wm. L........ ..| Warren, R. F. D. No. 2.
Jacobs, Edward and Otto ..| Warren, R. F. D. No. 2.
EIWart, FIBNZ. . ..o vvnnnnnnnennennnna 00 Warren, R. F. D. No. 2.
Oakland County:
McClelland, JAMeB. « oo vvvvinniineieeeeeennnnennnnn. Redford
St. Clair County:
Haag, H. G. ... ... it it iiiii e Port Huron, 1615 Griswold St.
Michxgan Central Oil, Gas and Mineral Co............. Port Huron.
Michigan Development L Port Huron.
Stevens, H. Leroy. ...... ..ot ieinnennnnennnn. Port Huron.
Stock Co., G. B Xylite Greagse and Oil Co............. Port Huron.
Mason, F. H.......ooiiiii it i Port Huron, 2478 Military St.
Howe, Geo. W . ... .. ...ttt iiiiieninnenianennns Port Huron, 4008 Military St
Lawrence. Gillett.........ooiiii i Port Huron.
May, Henry. .......ooiiiiiiii i Port Huron.
Rowe, Jolm 7 S Marysville.
Washtenaw. County:
Harmon, H. E. ... ... ittt iiieiiiieeenn, Willis.
Wayne County:
Bicht, Wm. F......... .. i Redford.
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LIMESTONE AND LIME PRODUCERS, 1916.

Presque Isle County:
Mé:hngun Limestone & Chemical

Schoolcraft Count,
The White Marble Lime Co......

Wayne County:
Solvay Process Co..............
Dunbar Stone Co...............

55 Liberty St., New York, or
Rogers City, ‘Mich

Manistique.........,...; .....

Crystal Falls. .................
‘Whitedale (Gulliver P.0)..
Escanaba.....................

Syracuse, N. Y................
Detroit or River Rouge........

Operators. Office. Quarry.
Alger County:
The Mun Co..ovviviiinn 11th F1. Rockfeller Bldg., ,
Cleveland. Ohjo............. Eben.
Alpena County:
ichlgfn AYkau Co......oiinnn Wyandotte. . ................. ‘Wyandotte
Great Lakes Stone and Lime Co..| Alpena....................... Rockport.
Arenac Count,
McDonneu Jas (dme).......... Twining...................... Omer.
Charlevoiz County: :
Northern Lime Co. (lime)........ Petoskey........cooovnvennnn. Bay Shore.
Charlevoix Rock Products Co.
(alsolime)................... Charlevoix.................... Charlevoix.
Cheboygan County:
Campbell Stone Co. (also lime)...| Indian River.................. Afton.
Cheboygan Limestone Prod’'ts Co..| Mackinaw City............... Mill Creek.
Chippewa Cowu
Scott Quarry Co................ Sault Ste. Marie............... Trout Lake.
Delta County:
Delta Contracting Co Escanaba. Esmnaba (Hyde).
Bichler Bros. Gladstone Pine Ridge.
Bichler, John...... .| Groos...... Groos.
Berkman, Andrew J............. Glndatone. ..... Gludatone. R. F. D.
No. 1, Escanaba
Dickinson County: Twp.
Metronite Co., The. ............ Milwaukee, Wis............... Felch.
Emmet Count,
Antrim Lime Co. (lime)......... 912 Mich. Trust Bldg., Grand
. pids. . ......... ..ol Petoskey.
Emmet Co. Rd. Comm'rs........ Brutus..............coc0vunnnn
Northern Lime Co. (aleo lime)....| Petoskey..................... Petoskey.
Petoskey Crushed Stone Co. . .... Petoskey..............oovinnn Petoskey.
Huron County:
Wallace Stone Co............... Bayport.............c0ieenn. 3 mi. E. of Bayport.
Jacbaon County: ‘
Lime Products Co. . ............ Jack8on...........ceiiuinnnn Jackson.
Mackinac County:
Ozark Stone Quarry............. OzaTK. ... vvee i e Ozark.
Union Carbide Co.............. 42nd St. Bldg., New York, N. Y.| Hendricks Quarry.
Fiborn Limestone Co............ Sault Ste. Mnrie. Ontario, Can. .| Fiborn Quarry.
Mackinac County Rd. Commmrs...| St. Ignace. ............coiiiiifiiiiiieneenennnosnns
Marguette County:
City of Negaunee. .............. Negaunee. ............ocovn.n Negaunee.
-Menominee County: .
Menominee Co. Road Commrs....| Menominee................ooleiiieiiinieennneenn
Spencer, Henry................. Menominee................... Menominee.
Monroe County:
Shore Line Stone Co............ Monroe. ...............c.0.uun Frenchtown.
The France Stone Co............ 1800 Seoond Nat'l Bank Bldg.,
Toledo, O.................. Monroe
Morris, Sam W................. ONFOL. . .....oovvvuennennnnn

Monroe, S. part of
City.

Calcite.

Blaney. Manistique
and Marbleh
Blaney.

Manistique

Trenton and Sibley.
Mouth of Detroit
River.
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MINERAL PAINT PRODUCERS, 1916.
Operator. Pigment, Office Location of
. . . plant.
Acme White Lead & ‘White lead, red lead, litharge,

Color Works........... orange mineral............ Detroit.........| Detroit.
Ditzler Color Co. . .......|eeie:iiiriiiniiinininennn, Detroit . . . Detroit.
Metronite Co. ........... Whmng (paint filler)......... Mllwaukee, "Wis.| Dickinson Co.
Pickands, Mather & Co...| Met. Paint................. Cleveland, Ohio.| Iron county.

MINERAL AND SPRING WATER PRODUCERS, 1916.

Operators.

Office.

Spring.

Arctic Spring Water Co..............

Balley Marvel SpringsCo............
Willig, J. L.... oot
Bromo-Hygeia Mineral Water Co
Crystal Spring Water, Fuel & Ice Co..

Israelite—House of David...........
Deep Springs WaterCo..............
Eastman Springs Co. . ..............
Polaris Water Co...................
Jarvis Mineral Water Co............

Mt. Clemens Crystal Springs Water Co.

Ogemaw Spring Water Co. . .........
Dewitt, C. M. ........iiivevinnnnn

Shorkey, Chas........cooovivuinonnn.

Wﬂaml Mineral Water & Bath Co
agnetic Spring Water Co...........

Beard Hill Mineral Spring Co........

Charbeneau, Jno. H.................
Preussel, Frank W

Silver Springs Water Co.............
McAlsfer MIg. Co. ............... “-

412 Ottawa Ave,,
Grand Rapids.....
Bellaire. . ..........
Bangor.............
Coldwater..........
35 No. Division St.,
Grand Rapids.....
Benton Harbor......
Northville..........
Benton Harbor......
Marquette..........

-901 River Street,

Lansing..........
Mt. Clemens........
gay City...........
Grand Rapids.......
Topinabee..........
Mt. Clemens........
Ypsilanti...........
Saginaw, W. S......
105 E. Bancroft St.,

Toledo, Ohio......
Mt. Clemens........
47 Crocker Ave.,

Mt. Clemens......
South Haven.......
Crystal Falls........

Hartford...........
Detron .............

Arctic.

Alden.

Beaver. X
Bromo-Hygeia.

Crystal Spring.

Eastman.
Lake Superior Mineral Spring.

Lansing.

Mt. Clemens Crystal Spring.
8gemaw

Ponce de Leon.

Sanitas.

Victory.

Moorman Well.

Andrew’s Magnetic Mineral.

Avoca.
Maple Leaf Springs.

Panacea.
Crystal.
Sterling.
Sultana.
Northville.
Eureka.

PETROLEUM PRODUCERS, 1916.

Operators.

- Address.

Michigan Central Oil & Mineral Co....
Stock Xylite & Qi1 Co.,, G. B. ... ... ... i

807 Pine St., Port Huron.
Port Huron.
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PIG IRON PRODUCERS, 1916.
Name of Location of
Operator. Office. turnace. furnace.
Lake Superior Iron & Chemical Co..... Detroit......... Boyne City...| Boyne City.
Lake Superior Iron & Chemical Co..... Detroit......... Chocolay. . ... Chocolay.
‘Mitchell-Diggins Iron Co.............. Cadillac........ Cadillac ...... Cadxllac
Detroit Furnace Co................... 1069 Jefferson
Ave., Detroit..| Detroit....... Detroit.
Detroit Iron & Steel Co............... 149 Jefferson
Ave., Detroit..| A& B.. Detroit.
East Jordan Furance Co.............. East Jordan....|.............. East Jordan.
Cleveland Cliffs Iron Co... Cleveland, Ohio.| Pioneer No. 1.| Gladstone.
Antrim Iron Co...... Antrim......... Antrim....... Antrim.
Pioneer Iron Co. Marquette. . .| Carp River...| Near Marquette.
Pioneer Iron Co........... ..| Marquette.. Pioneer No. 2.| Near Marquette.
Stephenson Charcoal Iron Co..........0.........cevnnn. Stephenson. . . ells.
Charcoal Iron Co. of America.......... Detroit......... Chocolay..... Chocola, dr
Charcoal Iron Co. of America.......... Detroit......... Boyne City...| Boyne City.
Charcoal Iron Co. of America.......... Detroit......... ElIk Rapids. . .| Elk Rapids.
Charcoal Iron Co. of America....... y..| Detroit......... Manistique. . .| Manistique.
Charcoal Iron Co. of America.......... Detroit......... Newberry. ...| Newberry.
New Metals Process Co............... Marquette......|[.............. Marquette.
POTTERY PRODUCERS, 1916.
Operator. Office. ‘Works.
Ionia County:
Ionia Pottery [0 Tomia. .....cvvivinninenenennnns Ionia.
Macomb County
Mt. Clemens Pottery Co..ooevvenn Mt.Clemens...........oovoveennnn. Mt. Clemens.
Oakland County:
Pontiac Cla.y Pxpe & Novelty Co.. Pontiac............covviiiiiiennn. Pontiac.
Wayne County:
Jeffery-Dewitt Co................. Detroit........ovvviiiiiiiiii... Detroit.
Hupprich, Anton. ................ 2161 Michigan Ave., Detroit........ Detroit.
Pewabic Pottery & Tile Co......... 2161 Jefferson St., Detroit.......... Detroit.
Hygeia Filter Co.................. 338 Denton Ave., Detroit.......... Detroit.
QUARTZ PRODUCERS, 1916.
Operator. Office. Mine.
M argueus County:
chigan Quartz Silica Co......... Milwaukee, Wis. .. ................ Ishpeming.
Marquette Trap Rock Co.......... Marquette.............covuvuvennn. Marquette.
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SALT PRODUCERS, 1916.

Operators. Office. ‘Works.
Baﬁ County:
ine Lumber Co.................. Sta. A.,, Bay City................. W. Bay City.
Biglow-Cooper Co. ......... e Bay City ........................ Bay City.
Isabella County:
Van Schaack & Sons, Peter........ 118 Lake St., Chicago, Ill. . .. ... .. -Mt. Pleasant.
Manistee County:
Filer & Sons, Vacuum Pan Salt Wks.| FilerCity....................... Filer City.
The Buckley & Douglass Lumber Co .| 381 River St., Manistee........... Manistee.
Sands Salt & Lumber Co., Louis....| Manistee........................ Manistee.
Mason County
Morton Salt Co................... Ludington....................... Ludington.
Stea.ms Salt & Lumber Co......... Ludington....................... Ludington.
Midland Cou
The Dow Chemlcal Co..oovvnnnnn Midland......................... Midland.
aﬂfww County:
ershon, Eddy, Parker & Co......

Bliss & Van Auken Lumber Co. .. ..

Eastman Salt Products Co.........
Estate of Edward Germain.........
Saginaw Plate Glass Co............
naw Salt Co..................
Strable Lumber & Salt Co.........
St. Clair Count
Michigan 8 t Works.............. MarineCity..................... Marine City.
Morton 8alt Co................... 717 Ry. Ex., Chicago, Ill. . ........ Port Huron.
Diamond Crystal 8alt Co.......... St.Clair. . ............coevnn.... Port Huron.
Marine City Salt Co.............. Marine City..................... Marine City
Wayne County: i
Inland Delmy SaltCo............. Detroit...........cocovuviinnnn... Delray,
Solvay Process Co................ Detroit.......................... Delra,
Detroit Rock Salt Co.............. Scranton, Pa..................... Detroit
Mulkey 8alt Co.................. 610 Equity Bl Detron ......... akwi
KaySaltCo..................... Charleston, W. Va................ Ecorse
Worcester Salt Co....... ..| 168 Du&ne St., New York, N. Y....| Ecorse.
Michigan Alkali Co...... W andotte. .. ................... Wyandotte.
Pennsylvania Salt Mfg. Co.. Chestnut, St., Philadelphia, Pa...| Wyandotte.
SANDSTONE PRODUCERS. 1916.
Operator. Office. Quarry.
Houghton County:
Portage Entry Redstone Co........ Jacobsville...................... Jacobasville.
Huron Count .
Cleveland tone Co..ovviiian Cleveland, Ohio. ................. Grindstone.
allaceCo...............;c...... Port Austin...................... Gr(i)x}gstone
y:
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SAND AND GRAVEL PRODUCERS, 1916.

Operator. Office. Pit.
Alcona County:
Jas. Bell& Co................ Greenbush.............. Greenbush.
Huron Shore Gravel Co........ Greenbush.............. Greenbush.
Allegan County:
tler, Fred W............... Byron Center........... Burnips Corners.
ngt.i Peter Borr, R.F.D. 2 Bo;rﬁw
T8, u; 3
Kool, Henry New Richmond.
, Myron Otsego.
Powell, J. C Plainwell.
Ci . lass.
Hilaski, Stanley p. F. D. .| Hi 8.
. W.G. South Haven, R. F. D. 6.| South Haven.
y, P.. Fennville Saugatuck.
Gray, Tom C Fennville, R. F. D ............................
el, Mart 1 y Monter?{y
Stuby, J. F.. Moline............ ‘Waylan
Alm County: N
y & Monkman............ 501 State St., Alpena. ...| Alpena.
Antrim County:
Sissons, F.E................. Central Lake, R. F. D. 1.| Central Lake.
McPherson, Guy.............. Eastport............... Eastport.
Campbell, Wm. G............ Mancelona............. Mancelona. .
Swan,Guy................... Mancelona. ............ Mancelona.
Burch, A.O.................. Central Lake. .......... Central Lake.
Arenac Counly:
Danjels, Wm................. Sterling, R. F. D........ Sterling.
Rogers, Sidney...............| Twining................ ng.
Mayor of Omer City.......... Omer.................. Omer.

Berrien County:
Edgecombe, Geo. W...... e

American Sand & Gravel Co. ..
Garden City Sand Co
Kerlikowske Bros

arren, E.

Branch County:
Werner, Jake F...............

Brehm, Jno. H

Clark, Oliver. ................
Wilkin, W. H................
Holcomb, Preston.............

Bendon, R. F.D. 1......
840 Ohio Bldg. Chi
or Thompsonviile Mi

439 Main St., Benton
Harbor...............

Lakeside. ..............

St. Joseph..............

Bronson................
Montgomery............
Kinderhook.............
Kinderhook, R. F. D. l. .
Coldwater, R. F.D. 3..

Graham, Herbert A

Bay City.
Munger.
Bentley

Bendon.
Thompsonville.

Benton Harbor.
Lakeside.
Benton Harbor.
Benton Harbor.
Riverside.

St. Joseph.
Galien.
Riverside.
Riverside.
Bridgeman.
Galien.
Oronoka.

New Buffalo.

Bronson.
Kinderhook. -
Kinderhook.
Kinderhook.
Kinderhook.
Bronson.
Union City.
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SAND AND GRAVEL PRODUCERS, 1916.—Continued.

Operator.

Office.

Pit.

Calhoun County:
Abbott, Wallace. .............
March, Andrew.... .

Crystal Sand "& Gravel Co. . ..
Cline, Ei....................
Brownlee Park & Material Co. .
Michigan United Traction Co. .
Prince, Wm, A...............
Phillips, L. W................
Van Sickles, Elmer............

Cass County:
La Grange Twp..............
Crandall, Lester ..............
Blancha.rd LGl
Graham, HOA DL

Charlevou: Caunty:
Heal rg ..................
Cheboygan County:
Charpointiar, Jos.............
Chippewa County:
BRelanger, Louis
Rye, Jas......

Taylor, F.H.................

Clare County:
thtleﬁeld b 25 P,

Clinton Counly:
Parmenter, Geo..............
Gleason, 8

Mich. United Traction Co.....
Stowell, Elmer................
Coats, Lewey.................

Delta County:
Potvin, Louis. . ...............
Chicago &« N. W.R. R........
Escanaba Stone & Gra.vel Co...
Jorgensen, Adolph. ...........
Bereman, Andrew.............
Romean, A...................

Dickinson County:
Chicago & N. W. R.
Vulcan Brick Works.
Miench, Anton

Eaton Cmmt

Gates, Burton ................
Kent, V.M..................
Saier, HHE...................
Wells, CE..................

315 Irwin Ave., Albion...
Union City, R. F.D. 5

Albion. ..
Athens
Battle Creek, R
Battle Creek. .

Burlington. .
323 Hamblin Ave .
12 E. Main St,.........
Battle Creek, R. F. D. 1.
Battle Creek............

Bilrlington ..............

East Jordan, R. F. D. 2..
Charlevoix..............

Cheboygan, R. F. D. 2...

Sault Ste. Marie.........
409 Maple St., Sault Ste.

Marie. .
Pickford. .

Chicago..........
Vulcan. . .

Bellevae, R. F. D. 4.....
Dimondale.............
Eaton Rapids...........
G Li

Union City.
Albion.
Athens.

2.| Battle Creek.

Battle Creek.
Burlington.

Battle Creek.
Battle Creek.

Brownles Pask
%Iarshall

Burlington.

Albion.

Cassopolis.
Cassopolis.
Niles.
Union.

East Jordan.
Charlevoix.

Cheboygan.

Sault Ste. Marie.
Sault Ste. Marie.
Pickford.
Farwell.

Shegardsville

Garden.

Escanaba.

Escanaba, Flat Rock.
Escanaba.

Gladstone.
Bark River,

Iron Mountain and Loretto.
Vulcan.

Iron Mountain.

Bellevue.

Dimondale.
gaton Rapids.

Vermontville.
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SAND AND GRAVEL PRODUCERS, 1916.—Continued.

Operator.

Office.

Pit.

Genesee County:
urns, Ed...................
Farnham, Henry..............
Flint Sandstone Brick Co
Reid, Al

Goodrich, W
Bigelow, Elma H

Qladwin County:
‘Wixom, F.
Soldan, L. V

@Grand Trarerse County:
Koch, John

Gratiot County:
Church, I.
Dexter, Jas
Sawvel, Robert...............
Llppert Jacob................
gurtie, C

Hillsdale County: *

Zeiter, Ge0..............00unn
Michigan Central R. R. Co.....
Mor;

Houghton County: .
‘Winona Copper Co............

Huron County:
Conkey,
Merric

has

Burwell Sand & Gravel Co
Corwin, W. L. .

Couch, Chas.
Curtiss, Bert . . . .

Potts, W. S
Dubois, D.D................

Frost. A. .f ...................

Linn, Lew. ..................
Saier, HE...................
Stockman, F. M
Campbell, Hugh

Linden.
Linden. .
Duffield
Montrose.
Swartz Creek . ..
Linden.................

Sanford

Alma
Shepherd, R.
Breckenridge............
Elwell..................
Ithaca, R. F. D. 6

Reading................
Jonesville...............

Fenton.

Goodrich.
Linden.
Linden.
Duffield.
Montrose.

Swartz Creek.

Argentine.
Ousville
Goodricl

Grand Blanc

10 mi. 8. of
Butman.

Mayfleld.

Alma.
Summerton.

Beaverton.

Breckenridge.

Elwell.
Ithaca.
Northstar.
Sumner.
Sumner.
Alma.

Camden.
Jonesville.
Camden,
Pittstord.
‘Waldron.
Hillsdale.
Camden.
Camden.

‘Winona.

Caseville.
Pigeon.
Port Austin.
Port Austin.

Sec. 23, Bunker Hill Twp.

S.W.

Cor. Sec. 16, Vevay Twp.

Sec. 36, Delhi

Sec 35 Bunker

llTwp

Sec 2n%Nheatﬁeld Twp.

Sec. 25 Aurelius Twp.
N. E. Co Sec. 21,

eatfleld

Maso
Sec. 28 Bunker Hill Twp.

Sec. 22,
Sec. 26, Wh
Lansing (H

Wheatfield Twp.

eatﬁeld Twp.

Sec. 15, Wheatﬂeld'l‘wp

La.nsing
Lansing.
Mason.
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SAND AND GRAVEL PRODUCERS, 1916.—Continued.

Operator.

Office.

Pit.

Ingham County:—Con.
Nice, Ge0........oovvvunnen.

obock, Dennis
Potts, Walter F..
R&ppe, A

Ionia County: .
Crawford, Geo W oo
Glick,

ymou
Ronnld 'l‘wp Gravel Pit.......
Grieves, Mrs. ................
Keyser, Chas.................
Dusman, Sam................

Tosco County:'
Boomer & Son, Jno...........

Iron County:
Ross, D
Chi

Tsabella County:
Coughlin, Will................
ter, James. . ..
Merrill, D.R.................

Jackson County: :
Greenville Gravel Co..........

Cooper, Fred B...............
Winters, J.P.................
Kimball, D.G................

Hunn. G L

Kalamazoo Count,
Mlch United

Kalamazoo Gravel & Sand Co. .

Klepper, Jacob. ..............
Molhock, Peter...............

Leslie or Stockbndge.. e

Sec. 6, Vevay Twp.

Sec5,
Maso

Sec. 34,
Maaon

Vevay Twp.

Sec. 16, Meridan Twp.
Williamston

D.

880!1

N. W Cor. Sec. 36, Aurelius

Sec. 3% Williamston Twp.
Sec. 25, Bunker Hill Twp.

N. of Kalamazoo on

Lansing................ Lanamg
Tonia, R. F. D ... Ionia.
well, R. F. D......... Saranac.
Ionia.................. Ionia.
East Main St Ionia. Ionia.
Ionia, R. F. D Ionia.
Ionia, R. Ionia.
onia........ Ionia.
Muir, R. F. D Muir.
onia, Star Rou Pa.lo
Saranac, R. F. D Sara
Shiloh........... ;hiloh
Lake Odessa Lake Odessa.
Lake Odessa, R. F. D Lake Odessa.
Palo................... Palo.
Palo................... Palo.
Saranac, R. F. D. 12 Saranac.
Saranac, R. F. D. 10..... Saranac.
Saranac................ Saranac.
Tawas City............. Tawas City.
Crystal Falls............ Crystal Falla.
Chicago................ Crystal Falls.
Shepherd, R. F. D. 1.....| Shepherd.
g epherd Shepherd.
hep X
Box 15 Shepherd.
Greenville, O........... Ackerman Lake, 3 mi., S. of
Jackson.
Horton................. Horton,
ackeon................ Jackson
Jackson............. ... Napojeon,
Jackson, R. F. D.6...... Jackson.
123 Clmton St Ja.ckaon Jackson.
Jackeon, R. F. D.2......| Jackson.
Parma................. Parma.
Detroit................. Bloomerville.
Jackson................ Michigan City.
Parma................. Parma.
Jackson................ Augusta.
Augusta................ Augusta.
Kalamazoo............. Kalamazoo.
Kalamazoo............. Kalamazoo.
Kalamazoo Kalamazoo
Kalamazoo Kalamazoo
Kalamazoo 3 or 4 mi
. R. & I. siding.
Kalamazoo. Kalamazoo.
Kalamazoo Kalamazoo.
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SAND AND GRAVEL PRODUCERS, 1916.—Continued.

Operator. Office. Pit.
Kalamazoo County.—Con.
Owens, Michael............... Kalamazoo............. Kalamazoo.
Ruseell, Jas. T................ Kalamazoo............. Kalamazoo.
8o. Mich. Brick Co. ... . ..] Kalamazoo............. Richland Twp.
Mich. United Traction Co. .. .. Jackson................ Augusta.
Gunn,J.W.................. Watervliet.............. Williams.
alamazoo County Rd. Comm. alamazoo............. Kalamazoo.
Kalkaska County:
Anderson, Lynn. ............. Kalkaska............... Kalkaska.
Hayward, W. F............... South Boardman. ....... South Boardman.
Kent Count,
olt, E ................... Ada, R.F. D. 42 ... . ... Ada.
Deiss, JO8.................... Ada, R.F. D.17........ Alpine.
Read, Percy.................. Alpine. . ............... Alpine.

Brewer, Earl. ................
Ba.ttjee Fuel & Bldg. Mat. Co..

Bunker Co., G. W............
Harrison Land “Co., Ltd
Carpenter Construction Co
Pln on, 8.

Maloney Pat
Holmgl'ci\x/lI E. A

Standard Builders Supply Co..
Sargeant, John
Trumm C. (,

Lake County:
Saunders & Co., G. W.........

Lapeer County:
Hallock, Roy P...............
Miteen, Fred
Caley, M....................
Broecher, Augut W
Spears, W. A

Leelanau County:
Bronson, Margaret............

Lenawee County:
Shannon, F. J................
Smith, Porter C
Fuller, Charles

Gillispie, R. P
Wilson, Ira...................
Tecumseh Gravel Co
Baldwin, V. E

Livingston County:
Ohlo & Mlchlgan Sand & Gravel

Hosby,
Thomas, Henry

Macomb County
Blay

Pratt, Ben J
Chapman, Jas................
Lake Side Ice & Coal Co
Harder, Henry

35

Byron Center, R. F. D..
Grand Rapids
Grand Rapids. .
Grand Rapids. .
Grand Rapids
Grand Rapids
Grand Rapids
Gra.ndville ..............
Harvard,

Kent C lty
Kent City..............
Ross, R. F.D........ ..
Sand Lake e

Go rich,
Columblavﬂle, R F D. 3.

Maple City, R. F. D. 1...

Adrian
Clinton
Hudson

Tecumseh, R. F. D. 3.
Tecumseh
Morenci

1025 \Iwholaa Bldg.,
Toldo, O
Fowlerville
Gregory
Hamburg...............
Howell

Mt.

Byron Center.
Grand Rapids.
Grand Rapids.
Grand Rapids.
Grand Rapids.
Grand Rapids.
Grand Rapids.
Grandville,
Harvard.
Kent City.
%ent City.

088.
Sand Lake.
Grand Rapids.
Low

Tyrone Twp.
Grand Rapids.

Chase.

Hunters Creek.
Hadley
3 mi. S. E. of Columbliaville.

Maple City.

Adrian.
Clinton.
Hudson.
Hudson.
Hudson.

N. Morenci.
Tecumsaeh.
Tecumseh.
Tecumeeh.
Morenci.

Chilson.
Fowlerville.
Gregory.
Hamburg.
Howell.
Ouak Grove.

Clinton River.

Armada.
Armada.
Mermnphis.
Mt. Clemens,
Richmond.
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SAND AND GRAVEL PRODUCERS, 1916.—Continued.

Operator. Office. Pit.

Macomb Couni: *—Con

Wacker, H. Jacob............. Mt. Clemens : Mt. Clemens.

Clark, Chas........... ... Utica, R. F. D Utica.

Detroit Sand & Gravel Co. . ... 34 McGraw Bldg., Detroit] Utica.

Superior Sand & Gravel Co....| Detroit................. Utica

Ruff, Michael................ Lennox, R. F.D........ Richmond.
Manistee County:

Hubbell Sand Co............. Manistee............... Manistee.

Summerfield, Porter M. ....... Mamstee ............... Manistee.

Farr, ML A................... Onekama............... Onekama.

McMartin, Chas.............. Chlef R F.D.2........ Chief.

Johnson, John................ Chief.................. Chief.
Marquette County:

Chicago & N. W. R........ Chicago................ Michigamme.

Champion Sand & Gravel Co...| Marquette.............. Champion.
Mason County:

CEA.. o Custer, R. F. D. 2....... Custer.
Szymanski, Geo.............. Freesoil, R. F. D. 2. ...’ Freesoil.
Wahr,John.................. Freepoil, R. F. D. 2...... Freenoil.
Beaune, Oliver................ Ludington, Box 68 ....... Ludington.
Clark, Henry...... ...| Ludington. . ...| Ludington.
Lorentz Ferdmand Ludington .| Ludington.
Dodge Tallman Tallman.

Tallman.. Tallman.

Ludington
Manistee.

Ludington.

Hubbell Sand Co Ludington.

Mecosta County:

Conklin, Wm................. Big Rapids, R. F. D 5 Ra.pids.
Riley, J.E.. . ................ Millbrook, R. F. M‘%ll
Carmichael, Ed............... Evart.................. Ch}f)pewa Twp.
Main, W.J.................. Millbrook. .............
Stone, C.E.................. Hersey................. Hersey.
Menominee County:
Capt. NelsOlsen.............. Menominee............. Menominee.
Schoen, Jno. W............... Wilson................. Wilson.
Midland County:
Crane, H. A.................. Midland................ Hoge
Gehoski, Mike................ Midland, R. F. D.1.. ... Midland.
Schukofeki, G. T.............. Midland, R.F.D. 1..... Near Midland.
Missaukee C'oun!y .
Plckenn% ............... LakeCity.............. Lake City.
Reeves ary D .............. McLean, Ill............. McBain.
Monroe County:
Falmstock, Emerson. . . ...| Carlton. . Carlton.
National Silica Co............ Steiner. . . Steiner.
Montcalm County: . .
Belknap Cement Products Co..| Greenville,............. Greenville.
Boezwinkle, Wm.............. Pierson................. Pierson.
Matz, Chas. ................. Pilerson................. Pierson.
Tissue, Leonard. . ............ Stanton, R. F.D.1...... Stanton,
Sinkley, Mrs. L. M. .......... Carson City............ Carson City.
Anderson, Holgen............. Greenvllle, R F.D. 3.. Greenville.
Williams, E.O............... Edmore................ Edmore,
Muskegon County:
Bettis, Phil. . ................ Ravenna, R.F.D....... Ravenna.
Homer, Wm.................. Ravenna, R. F. D....... Ravenna.
Valley, Edw.................. Twin Lakes............. Twin Lakes.
Barlow,John C............... Muskegon.............. Casnovia.
Newaygo County: . :
Wentland Mrs Johanna....... Woodville. ............. ‘Woodville.
HalLAAE................... Newaygo............... Newaygo.

Raymond, RJ....ooiviinn. Grant.................. Grant.
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Operator. Office. Pit.
Oablami Counly .
k Birmingham, R. F. D. 2..| Birmingham.
Griswold St Detroit. Clarkston.
Farmington.
New Hudson.
Ortonville.
Oxford.
Bartlett, C. 8. & A. 8 Pontiac, 2 miles E.
Kemp, H........ Pontiac.
,C.L......... Pontiac.
Slater Construction Co Pontiac.
Heal, Geo.................... Rochester.
Rochester Sand & Brick Co....| Detroit................. Rochester.
Boomer S8and & Gravel Co..... 520 Forest St. E., Detroit.| Rochester.
Thompson, W.R............. 100 Beaubien St., .
............... Goodison.
Adams & Cummings.......... 1105 Kresge Bldg., Detroit! New Hudson.
Oceana County:
Aldrich, A.O................. Hart................... Crystal Valley.
Golden PRIt Mears......oocovvvinn. M
p. Board of Newfleld. ...... H o Y ge
Cartright, Thos............... Rothbury, R. F. D. 1.. Rot bury
herle, Frank................ Rothbury, R. F. D. 1.. Rothbury.
Ogemaw County:
Brooks, Iy ................. RoseCity.............. Rose City.
Harvey, D................... West anch
Osceola County:
Carmichael, Ed. Evart.
Stone, Chas. E. Hersey.
Hoogerhide, Jno Reed City.
Marvin, Seymour. Thustin.

Marquette Gravel Co
Hale, C. H

Ottawa County:
Holtrop,Jno. . ...............
Graham, Mrs. T..............
Walsma Van Toll Co.. ... .. .
Van Weelden & Co., J.........

Presque Isle County:
Kroll, Andrew................

Roscommon County:

Campbell Grevel Co..........
Saginaw County:
oilest & Donely.............

St. Clair Count,
Armitage, Si
y éheeter

Westrick & Son, C. A .
Caldwell Transit Co..

United Fuel & Supplg
Marine Contractmg
James Co.,, R.C..............
Superior Sand & Gravel Co.

;1805 Dime%k Bldg.

Haven...............

Smiths Creek
Marine

Detroit
Foot of 1st St., Detroit..
211 Quay St., Port Huron.
Port Huron.............
726 Dime Bank Bldg.,

Detroit...............
Detroit.................

Colon..................

Evart, 4 mi. W. of.
Hersey

Ferrysbur,
Gr;rx{d He%en
Bass River.

Grand Haven.
Posen.

Roscommon.
Saginaw River,

Atkins.
Atkins.
Atkins.
Goodells.
Smiths Creek.
Marine City.

St. Clair River and Lake.

Algonac.
Port Huron.
Port Huron.

Marine City.
Port Huron.

Colon.
St. Joseph.

36
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BAND AND GRAVEL PRODUCERS, 1916.—Concluded.

Operator. Office. Pit.
Sanildc County:
Buck, C.J............0.o.le Marlette. .. ............ Marlette.
Gilbert, Geo.................. Melvin, R. F. D.6...... Melvin.
Mills, Henry............conn.. Minden City............ Minden City.
Dawson & Son............... Sandusky............... Sandusky.
Carney, Chas................. Sandusky ............... Sandusky.
Shiawassee County:
Graham, John................ Byron.
Shannon, A.E................ Byron
Schultz, A. A................. La.mgsburg
Hibbard, Joseph Byro!
Barmes, O. L................. 5 mi. i'rom Byron,
Tuacola County:
Hile, Tom.......c.convenenn. Ca';% 8. W. of Caro in Juanita
p.
Baker, Gilbert. ... Kingston.
‘Whittaker, Benson Kingston.
Hill, Elmer A.... Silverwood
Van Buren County:
Bennett & Son, Warren........ Hartford............... Hartford.
Burger, F.A................. Bangor................. Bangor.
Hoppin, A.D................ Bangor................. Bangor.
ne,John.................. Bangor................. Bangor.
Sherburn, John............... Decatur................ Decatur.
T P20 7 Kibbie................. Kibbie.
Wright, J.E................. Lawrence............... Lawrence.
W WG South Haven........... South Haven.
Funk, Merrifield. .. ... ... ... South Haven........... Lakeside.
Washtenaw Counly:
City Concrete & Coal Co. ..... 1015 Dime Bank Bldg.,
Detroit............... Delhi.
Eddie, Geo................... Ann Arbor, R. F. D. 8...| Ann Arbor.
Fiegel, Fred.................. Ann Arbor, R. F. D. 3...| Ann Arbor.
Pease, Wm................... Saline, R. F. D.......... Saline.
Yo Ed.................. Saline, R. F.D.......... Saline.
Crane, Mortimer R........... 217 Mlch St., Ypsilanti..| Ypsilanti.
Elsifor, 8. A...............s.. 117 First St., Ann Arbor.. Ann Arbor.
Washed Clean Sand & Gravel Co| Ann Arbor......... .| Dexter.
Cadillac Sand & Gravel Co..... 1452 Penobscot Bldg
Detroit............... Ann Arbor.
Wayne Cou

De&r)on Un}lted Fuel & Supply
Wabash R. R. Co., American
™ Silica Co.w. R

ompson, W. R.............
Pryor, R.C.............oih

Wezford Count
Selma '11’ ...............

Fewless. Jolm ................

Cadillac............

Rockwoo
Detroit, 606 Kress Bldg. .
Det{glt, 933 Dime Bank

Utica and Detroit.

Rockwood.
Detroit.

1} miles E. of Rockwood.

Boon.
....| Manton.

TRAP ROCK PRODUCERS, 1916.

Operator. Office. Quarry.

Marquette County:

Durocher, T. L Marquette Marquette.

The Park Cemetery Stone Co Marquette Marquette.

City of Negaunee .| Negaunee. Negaunee.

Marquette Trap Rock Co.................. Marquette Marquette.
Houghton County: . .

Winona Copper Co................c.oouunn Winona. ................. ‘Winona.
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Acme White Lead and Color Works, reference t0..............ccivvinianironeass P;g;
Adventure Consolidated Copper Company, development and exploration by......... 17
lodesworked by....................... 17,21
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reopening of mineby..................
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Ahmeek Mining Company, mining costs and productionof........................ 21
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Algomah Mining Company, cost of sinkingof shaft by............................ 22
nac Mi Development Company, exploratory workof ..............ccc0u.ns 23
Allegan county, record of deep borin% AP 210
Allouez conglomerate, development of in Franklinmine........................... - 30
Allouez Mining Company, oopi)er production of............cciiiiiiiiiii ittt 23
Alpena, limestone in vicinity of. . .. ... ... .. . i i it 139, 173
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erica Silica Company, a: of was| SN Y e
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reference to . 195
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Analyses of of Ant: shale.......... 144
at Paxton. 200
Bayport (Maxville) limestone 134
Coal Measures shale........ . 148
Coldwater shale............. . 146
Dundee LImesStone. .......... ..ot iiiinniiinieinnannanaennns e 138
B 323 00 o 195
Fiborn Limestone. . . .....vuiutnniiitn et etaiiiaenaenanes 136
1aB8 SRR . .. .. ... e et 195
YT T 19 o - AP 149
00T o - P 130-131
Portland cement . . . ... ...ttt i e i i 118
shale from Bellevue QUAITY . .........ciiiiititiiiiiieiiieinenaranes 147
Traverse Limestone. ... .........¢c.citiiiiitirernenenenennn e 140141
Anderson, E. F., exploratory Work fOr. ..........oiuitrirunninnnnneeeneeeennnnns 19
Antrim shale, analysis of ... ... ... .. ... . . i et eiie e 144
character, distribution and exposures of . .. .............ccitiiririiann 143
Appendix, directory of producers of non-metallic minerals in Michigan.............. 257
Arenac county, exposures of limestone in............. ... ... ... i i i, 133
record of deep boringsin............................. e 211
Ashbed lode, exploration of . . ... ... .. .. ... i e e 34
Asrdin, Joseph, process for manufactureof cement................ccovvernneanann. 121
Atlantic Lode, barrenness of, in Naumkeag mine.................civeeruaneannnn. 40

B

Bad Axe, record of Su(g)ar Companywellat.....................cvvpuso 223
Baker Clay Products Company, Grand Ledge, manufacturers of front brick 179
Baltic Mining Company, operations and productionof................... 23
Baraga county, appraised value of minesin....,...... 90, 91
jronorereservesof................... . 89
number of men employed inminesof..................c.c0iihuu.n 83
occurrence of graphiticslatein....................... ... ol 202
shipmentsof ironore from............. ... 0o iiiiiininiennnnnnnn 83
slate quarTies of . . . ... ... . i i i e e 201
value of iron ore shipmentsfrom..................0ciivinieninnn. . 92
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limestone, analyses of ... .......coviiiiiiitt it i i e i i 134
character Of ... ... ... .. it i i e 133
exposures of iIn Arenaccounty . ........... .. ciiiiiiiiiaen. 133
Eatoncounty...........c.ciiiiiiniirinennanns 133
JackSOn COUNLY . . . ... o viiernieeernnnnnnns 133
use of in manufacture of Portland cement..................... 133
Bellevue, Burt Portland Cement COmpPany &b ... .........cc.vtinernrnnennennennen 133
Hmestone QUATTY Bt. ... ... . ...ttt tiintriieriineernnrannnennnns 173
Bell, Presque Isle county, exposure of Traverseshale at....................covn..n 142
Bell shale, character, distribution and exposures of ................ccciiivivrnn.nn 142, 201
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Bengall township, record of wella boring in 213
Blissfield, record of well at . .. .. 228
Bradley, C. D., reference to. .. 137
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Branch county, record of deep boring in. .. . 212
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development in common brick manufacture......................... 179
exposures of clay suitablefor. . ............. . .ottt 178
increase in valueof............ e 178
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Brines, artificial. ... ... ... .. e 155
T in Berea SBNAStONE . ... .. .. i e i 241
Burkhart well . ....... ..ot it i i i it e s 230
Coldwater shale. . . ... ...ttt ittt it inanas %ng;

£ 1171 1 PP

use of by Solvay Process Company, Michigan Alkali Company and Pennsyl-
vanla Salt Co......... ..t et 157
in manufacture of salt, soda ash, bleach, caustic..................... 157
Bromine, and salt Industry. .......... ... ... it i i i 155
competition of American with German ....................ccoiiuiininnns 157
manufacture of, by Dow Chemical Company..................... .. 157
Michigan productionof................... . . . 157
production and valueof......... . 204-205
from Marshall brines. 156
from ‘‘ mother liquors’ 156
wardemandfor........................ 155
‘Bronson Portland Cement Company, organization of 123
shale used by . .. 145
surface clags used by . . .. 145
Burt Portland Cement Company, quarry of, at Bellevue. . ........................ 133
Butler Lode explorationof the......... ... ... .. . it 34
inAdventure Mine.......... ...t e, 21
inMassmine..........coooiii i e, 36

C .

Calcimines, gypsum for. . ... .. iiitr ittt i e e 161
Calcite, quarry of Michigan Limestone and Chemical Company, at................. 137
Calcium chloride, by-product of the salt industry............ P 157
production and valueof........................... e eeianas 204-205
at Mt. Pleasant...............cooiiiiiiniiinninnnns 157
at8t.Charles. . ...... .. ... iiiiiiniiiinnnenns 157
inWaynecounty...............cccovnniunns e 157
Calcocite, occurrence of, in Nonesuch formation........................ ... ... 20
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cost of production by the................cciitiiiiiiinnenns

development of the ammonia lea,chinﬁ process by the. . .
- distribution of Tamarack stock, by the............. 48
fiftieth anniversary of the. .. .......... 25
Osceola Lode, production from, by the 24
operation of the leaching plant of the, 24
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premiums and bonuses of the..... 25
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sale of Seneca mining stock by the............................ 25
subsidiariesof the. ......................... et 25
tons copper mined by the....................... .. ... . ...... 24
reclaimed by the.................. ... ... ... ... 24
wellof, at Lake Linden . ........................ciiiinnnnnns 222
Calumet District, iron ore shlpment fromthe....... ... ... ... . i, 76-77
summariy of iron ore shipments fromthe........................ 82
Carp Lake Mine, explorationof the. ... . ...... ... . ... .. . . .oitieieiernnnennnnn 26
) feol ical conditionsof the........... ... ... . .iiiiiiiannn 26
ocationof the.. ... ... ... ... .. ... e 25
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Cass Copper Company exploratory work in the Forest Lode by the................ 26
] location of the propertyofthe.....................ocvuuen 26
. organizationofthe. .. ....................... e 26
Celestite, occurrence and WSe Of. .. .. ... . ....ciiiireeeeeenenenenannanaeesoaanens 196
occurrence of in the Sylvania............... ... ... i iiiiiiiiiinann 203
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history of ........ ...t i . 119
hydraulic, properties of . 117
natural, properties of. . 117
Portland .............................. 118
Aspdin’s patent for manufacture of . . .. 120

competition of American with Euroi)éa.
composition of

. 23
. 118,127
manufacture of 118, 127



INDEX. 281
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gyratory crusherin.............. e rereaee 127
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wet process of . .. 122
production and value of . .. 151
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use of by the Rom .. 119
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in construction of the Erie Canal....................... .. covu.ne 120
value and i)roductlon 0 204-205
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Cement producers directory of . ... ..... ..ottt 261
Cement rock, analysis of .. ... ....... . ...ttt e 120
discovery of in New York. ... .... ..ottt iiiinnennns 120
location of in central New York............. ... cciiiiiiniiinnnnn 120
. use of in construction of Erie Canal...... ... ... . ... .. oo iiiinnnn 120
Centennial Copper Mining Company license to mine granted to Wolverineby....... 27
Ch fon G Co " produchiontpf for 19}3. W %;
ampion Copper Company, operations, productions, profitsof....................
sg:ft sinkingresumed by . .......................... 27
Chara fragilis, function of in marl formation.............c.ciniiiieerenrenennannn 128
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